82C435 ENHANCED GRAPHICS CONTROLLER 
82A436 BUS INTERFACE 


@ 100% hardware and software compatible 
to IBM Enhanced Graphics Adapter™ card 


m Backward compatible to IBM Color 
Graphics™, IBM Monochrome™ and 
Hercules™ adapters 


m@ Reduces the chip-count for an EGA im- 
plementation to 13 standard components, 
including 256 Kbytes of display memory 


m Hardware support for context switching in 
windowing and multi-tasking environments 


@ Smart Auto-Emulation adjusts automati- 
cally to display mode required by applica- 
tion software 


The 82C435 Graphics Controller and 82A436 
Bus Interface offer a complete, highly inte- 
grated solution for implementing an IBM 
Enhanced Graphics Adapter compatible con- 
troller, with backward compatibility to CGA, 
IBM Monochrome, and Hercules modes. A 
complete EGA, with backward compatibility 
can be implemented using a total of 13 
off-the-shelf components, including 256K 
bytes of display memory. 


82C435 Graphics Controller 

The 82C435 single-chip graphics controller 
integrates the functions of the four-chip 
CS8240 CHIPSet (82C431 Graphics Control- 
ler, 82C432A Sequencer, 82C433 Attributes 
Controller, and 82C434A CRT Controller) with 
additional support logic and registers for 
backward compatibility to CGA, Hercules and 
IBM Monochrome modes. 


The 830435 is packaged in an 84-pin PLCC. 
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mu Improved CPU access to display memory, 
allowing up to two times faster per- 
formance over IBM EGA without software 
changes 


w Supports 640 < 480 resolution. 38 MHz 


options supports 800 x 600 resolution 


m BIOS and software drivers for 640 < 480 
resolution and 800 = 600 resolution 
available 


82A436 Bus interface 

The 82A436 Bus Interface provides bus inter- 
face, memory select and I/O select logic 
functions. The 82A436 is a bipolar device and 
is packaged in a 68 pin PLCC. 


Backward Compatibility/Smart Auto-Emulation 
The 82C435 supports backward compatibility 
on-chip to CGA, IBM Monochrome and 
Hercules modes. It also supports Smart Auto- 
Emulation which automatically adjusts to the 
graphics mode required by the application 
software. The 82C435 provides enhanced 
performance to CGA modes by displaying 
CGA text in EGA resolution. 


Hardware Support for Context Switching 
For support of multitasking and windowing 
environments, the entire state of the 82C435/ 
82A436 (most registers and latches in the 
82C435/82A436) is readable and writable. 
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82C435/82A436 EGA System Diagram 
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82C435 Pin Description 


Pin No. 

PLCC Type Symbol Description 

29 I ADDRO 

28 19 I ADDR2 

26 | ADDR1 

27 I ADDR3 

55 I ADDR4 

56 I ADDR5 

57 | ADDR6 

58 I ADDR7 SYSTEM ADDRESS bits 0-15. These bits are used for ad- 

59 I ADDR8& dressing the display memory. 

30 I ADDR9 

31 I ADDR10 

41 I ADDR11 

44 I ADDR12 

53 I ADDR13 

13 I ADDR14 

11 I ADDR15 

80 1/0 DATAOQO 

81 V/O DATA1 

82 1/0 DATA2 SYSTEM DATA BUS bits 0-7. These bits are used to transfer 

83 1/0 DATA3 data to and from the CPU data bus. These are open drain 

2 0 DATA4 outputs and must have external pull up resistors. 

3 1/0 DATAS 

4 (/O DATA6 

5 VO DATA7 

10 l MA16 Buffered MA16 input from the 82A436; derived from the 
CPU address. 

63 I CLKIN DOT CLOCK INPUT. CLKIN is the clock input from an 
external multiplexer (LS153). CLKSELO and CLKSEL1 (bits 
2 and 3 of the Miscellaneous Output Register) determine 
which frequency is used: 14.317 MHz, 16.25 MHz (up to 
25MHz) external crystal or external oscillator (up to 25MHz). 

9 I ADDMO Active Low Decoded input (from the 82A436) for the three 
upper system address bus bits to address the display memory 
at locations AXXXX and BXXXX. Low when A19-A17 = 101. 

79 1 MIORD MEMORY I/O READ. MIORD is an active low input from 
82A436 for memory or I/O read 
operations. 

78 I MIOWR MEMORY 1t/O WRITE. MIOWR is an active low input from 
82A436 for all memory or I/O write 
operations. 

72 | MEMIO MEMORY 1/0. MEMIO is a control signal from 82A436: 0 = 


memory; 1 = I/O. 
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82C435 Pin Description (Continued) 


Description 


RESET is an active high input from the system bus used to 
reset the CRT Controller Registers as follows: 


a. It initializes the horizontal and vertical polarity control to 
logical 0. 

b. Mode Register bits 4 and 7 are reset. 

c. All counters in the CRT Controller Registers are reset. 

d. Address Register bits 3 and 4 are reset. 

e. Hercules configuration switch (I/O address 3BF) bits 0 and 
1 are reset. 


All other control registers remain unchanged. RESET must 
be active for at least 64 dot clocks. 


LIGHT PEN STROBE. LPENSTB is an input from the 82A436. 
It latches the current address being displayed into the light 
pen register on a low to high transition. 


1/0 ADDRESS. IOADS selects the I/O address to the CRT 
Controller. 0 = 2XX, 1 = 3XX. 


LINEAR ADDRESSING INPUT. When LIN = 1, the 820435 
works in the normal mode (index addressing) for normal 
EGA operation. When LIN = 0, the address bus points to the 
register location and I/O writes and reads (MIOWR and 
MIORD) can be performed in one operation. 


TEST = 0 sets the vertical retrace counter to the complement 
of the contents of the Vertical Retrace Start Register (CR10) 
at the end of the current scan line. TEST = 1 allows normal 
operation. 


R, G, B, RS, GS/I, BS/V are the 6 outputs that drive the 
monochrome or color monitor. R, G, and B are the Red, 
Green and Blue signals, respectively. The RS, GS/J, and BS/V 
are the Secondary Red, Secondary Green/intensity Secondary 
Blue/Monochrome Video (display) signals. 


HORIZONTAL SYNC OUTPUT. HIN is active high if horizontal 
polarity bit (bit 6 of the Miscellaneous Output Register (I/O 
address 3C2)) is low. It is active low if the horizontal polarity 
bit is high. 

VERTICAL SYNC OUTPUT. VIN is active high if the vertical 
polarity bit (bit 7 of the Miscellaneous Output Register (I/O 
address 3C2)) is low. It is active low if the vertical polarity bit 
is high. 


Pin No. 

PLCC Type Symbol 
75 ! RESET 
73 | LPENSTB 
14 IOADS 
68 I LIN 

76 | TEST 

62 (e) R 

61 (@) G 

60 oO B 

67 O RS 

66 Oo GS/I 

65 (e) BS/V 

71 (e) HIN 

77 [@) VIN 

70 [@) BLANK 


BLANK is an active high output for blanking the screen 
during retrace periods. 
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82C435 Pin Description (Continued) 


Description 


ATTRIBUTE SHIFT LOAD. SLOUT is an active low output 
on the features connector (pin 9). It is used internally by the 
Attributes Controller in text mode to load parallel data 
coming in from the display memory. 


CRT INTERRUPT. CRTINT is an active high output signal to 
the system bus pin IRQ2 (IRQ9), used to signal the CPU that 
the CRT needs attention. CRTINT is enabled by bit 5 of the 
Vertical Retrace End Register. It can be cleared by program- 
ming bit 4 of the Vertical Retrace End Register to 0. When 
not active, the CRTINT output is in a tri-state condition. 


READY. RDY is an active low output used by the 82C435 to 
indicate to the CPU that a data transfer will be completed. 
RDY becomes inactive as soon as a memory read or a 
memory write operation is completed. When a read or write 
operation is completed, the RDY output goes high for one 
dot clock period, and then goes tri-state. RDY can directly 
drive the |I/OCHRDY on the I/O bus. 


TRAP can be programmed as an output or as an input. As an 
output this is active low and is used to inform an external 
processor that some assistance is needed in the Hercules or 
CGA emulation modes. This pin can directly drive the 
IOCHCHK line on the PC-AT bus. As an input, this pin when 
low forces all writes to go to plane 2 only (fonts). 


Multiplexed data/address bus AAO-7 for memory planes 0 
and 1. 


ROW ADDRESS STROBE. RAS is an active low signal to the 
display memory. At the falling edge of RAS, the row address 
is present on the AA and BA busses. 


COLUMN ADDRESS STROBE. CAS is an active low signal to 
the display memory. At the falling edge of CAS, the column 
address is present on the AA and BA busses. 


OUTPUT ENABLE PLANES 0 AND 2. OE02 is an active low 
signal which causes plane 0 and plane 2 data to be read by 
the 820435. Plane 0 data is read over the AA bus and plane 2 
data is read over the BA bus. 


Pin No. 

PLCC Type Symbol 
15 O SLOUT 
6 (@) CRTINT 
8 [@) RDY 

7 1/0 TRAP 
34 1/0 AAO 

36 1/0 AA1 

38 /0 AA2 

40 740) AA3 

46 1/0 AA4 

48 /O AA5 

50 VO AA6 

52 1/0 AA7 

25 oO RAS 

24 [@) CAS 

23 Oo OE02 

21 [@) OE13 


OUTPUT ENABLE PLANES 1 AND 3. 0E13 is an active low 
signal which causes plane 1 and plane 3 data to be read by 
the 82C435. Plane 1 data is read over the AA bus and plane 3 
data is read over the BA bus. 


a hres ARSATS 
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82C435 Pin Description (Continued) 


Description 


Pin No. 

PLCC Type Symbol 
20 ie) WEO 

19 ie) WE1 

18 Oo WE2 

17 Oo WE3 

33 VO BAO 

35 1/0 BA1 

37 VO BA2 

39 /O BA3 

45 1/0 BA4 

47 1/0 BA5 

49 VO BA6 

51 1/0 BA7 

16 O ERMEN 
69 O VALRAD 


WRITE ENABLE PLANE 0. WEO is an active low write enable 
to display memory plane 0 for memory write operations. 


WRITE ENABLE PLANE 1. WE1 is an active low write enable 
to display memory plane 1 for memory write operations. 


WRITE ENABLE PLANE 2. WE2 is an active low write enable 
to display memory plane 2 for memory write operations. 


WRITE ENABLE PLANE 3. WES is an active low write enable 
to display memory plane 3 for memory write operations. 


Multiplexed data/address bus BAO-7 for memory planes 2 
and 3. 


EARLY MEMORY ENABLE. ERMEN goes low one dot clock 
before the time slot for a CPU-to-memory read or write 
access. 


VALID READ ADDRESS. VALRAD is active high when bit 1 
(enable RAM) of the Miscellaneous Output Register (I/O 
address 3C2) is high and one of the following conditions 
is true: 


it: 
Valid Address Ranges 

A0000 for 128K bytes EGA mode 

A0000 for 64K bytes EGA mode 

B0000 for 32K bytes EGA mode, Hercules or Mono 
emulation for 4K bytes (smal! memory), or 64K bytes 
Hercules (large memory) 

1 1  B8000 for 32K bytes EGA mode or CGA emulation for 
32K bytes (large memory) 


-CO wm 
o-0o NB 
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Figure 1. Enchanced Graphics Controller 
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82C435 FUNCTIONAL DESCRIPTION 
The 82C435/82A436 is a complete implemen- 
tation of the IBM Enhanced Graphics Adapter 
with improved features. All EGA functions are 
supported by the 82C435 Single Chip En- 
hanced Graphics Controller directly in hard- 
ware at the register level. The entire EGA 
display memory of 256 Kbytes is supported 
using 8 64k*4 DRAM chips. Additionally, the 
82C435 allows the CPU more frequent access 
into the display buffer (memory), which 
speeds up graphics intensive applications pro- 
grams by up to two times. This high band- 
width feature is transparent to all applications 
programs that use the EGA in the standard 
resolutions of 640200 or 640*350. No special 
software drivers are required to enable this 
feature. 


For support of multitasking environments and 
context switching, the entire state of the 
82C435/82A436 (most registers and latches 
in the 82C435/82A436) is readable and 
writable. 


The 82A436 Bus Interface Chip integrates ail 
the external logic required around the 82C435 
to implement a EGA/CGA/MDA/ Hercules 
compatible graphics subsystem. The 82A436 
internally decodes all memory and |/O (nor- 
mal and alternate) addresses used by each of 
the graphics subsystems. 


The 820435 is an integration of four different 
modules. These modules are essentially the 
four chips in the CS8240 EGA CH!PSet 
82C431, 820432, 82C433 and 82C434 with 
extended functionality. Each of the four mo- 
dules retains its identity within the 82C435. 
The four modules are: 


a) Graphics Controller — The Graphics 
Controller interfaces the 8 bit CPU data 
bus to four planes of display memory. It 
supports different types of pixel/data 
mappings for read and write operations. 


b) Sequencer — The Sequencer generates 
all the timing signals for the 82C435 and 
the memory control signals for the dis- 
play memory. 


c) Attributes Controller — The Attributes 
Controller generates the video data 
stream from the font pattern and attri- 
bute code in the text mode. Additionally, 
the Attributes Controller provides a 16/64 
color palette (in both the text and gra- 
phics modes). 


d) CRT Controller — The CRT Controller 
generates all the sync and timing signals 
for the monitor and also generates the 
multiplexed display memory row and 
column addresses for display refresh and 
CPU access to display memory. 


GRAPHICS CONTROLLER 


The Graphics Controller is responsible for 
directing data from the display memory to 
the Attributes Controller and the CPU. The 
Graphics Controller operates in two basic 
modes: Text (Alphanumeric) and Graphics. in 
the Text Mode, the Graphics Controller 
fetches the character code and attribute byte 
from memory, it then fetches the appropriate 
byte of the character font from the memory 
based character font table. The font pattern 
and the attribute byte are then sent to the 
Attributes Controller. In the Graphics Mode, 
the Graphics Controller, fetches data for 8 
pixels (4 bits/pixel) from display memory and 
then serially sends each pixel data to the 
Attributes Controller. 


The Graphics Controller formats the data for 
use in various compatible modes. The Gra- 
phics Controller also provides color compa- 
rators which can be used in color painting 
and filling operations. Data can be written to 
the display memory planes in 32 bit words to 
expedite fast color presetting of the display 
areas on the monitor. Logical functions on 
the chip allow for manipulation of the data 
before being written to the display memory, 
allowing the user to implement features such 
as transparency and overlaying. 


The Graphics Controller has two major sec- 
tions, Graphics A and Graphics B. The Gra- 
phics A section normally writes to the display 
memory planes 0 and 1, and the Graphics B 
section normally writes to the memory planes 
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2 and 3. The following description will refer 
to these two sections as Graphics A and 
Graphics B. 


GRAPHICS CONTROLLER REGISTERS 

Most Graphics Controller registers are located 
at two byte addresses in the CPU |/O space. 
The registers are accessed by first writing a 


pointer to the actual data register into the 
Graphics Address Register and then acces- 
sing the Graphics Data Register. The Graphics 
Address Register is located at I/O address 
3CEh, and the Graphics Data Registers are 
all located at I/O address 3CFh. The following 
table describes the Graphics Registers: 


Register Number Register Name Address Pointer Address 
_ Graphics A Position os 3CCh 
_ Graphics B Position — 3CAh 
_ Graphics Address —_ 3CEh 
GRO Set/Reset 00 3CFh 
GR1 Enable Set/Reset 01 3CFh 
GR2 Color Compare 02 3CFh 
GR3 Data Rotate 03 3CFh 
GR4 Read Map Select 04 3CFh 
GR5 Graphics Mode 05 3CFh 
GR6 Miscellaneous 06 3CFh 
GR7 Color Don’t Care 07 3CFh 
GR8 Bit Mask 08 3CFh 
GRF8 Processor Latch 0 F8h 3CFh 
GRF9 Processor Latch 1 F9h 3CFh 
GRFA Processor Latch 2 FAh 3CFh 
GRFB Processor Latch 3 FBh 3CFh 
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REGISTER DESCRIPTION 


GRAPHICS A POSITION REGISTER 
Read-Write Register 
1/O Address: 3CCh 


[o7 [os [os [o« oa [oz ]o Joo 


} MEMORY PLANES 0 ANO 1 


NOT USED 


The Graphics A Position Register selects the 
CPU data bus signals and directs them to/from 
display memory planes 0 and 1. This register 
should normally be programmed to 00h to 
select DO and D1 for display memory planes 
0 and 1 respectively. 


GRAPHICS B POSITION REGISTER 
Read-Write Register 
1/O Address: 3CAh 


[o7 [os [bs [o« Jos [oz[os]o0] 


5 MEMORY PLANES 2 AND 3 


NOT USED 


The Graphics B Position Register selects the 
CPU data bus signals and directs them to/from 
display memory planes 2 and 3. This register 
should normally be programmed to Oth to 
select D2 and D3 for display memory planes 
2 and 3 respectively. 


GRAPHICS ADDRESS REGISTER 
Read-Write Register 
\/O Address: 3CEh 


[07 Jos Jos [oe [os Joz [0+ Joo 


GRAPHICS ADDRESS POINTER 


The Graphics Address Register is used to 
point to other registers in the Graphics Con- 
troller. The four least significant bits deter- 
mine the register which will be pointed to in 
the next register write operation. When this 
register is read, D5, D6 and D7 are always ‘1’. 
D4 is ‘1’ if D5, D6 and D7 were written as 1. 
D4 is '0' if D5, D6 or D7 were written as ‘0’. 


SET/RESET REGISTER (GRO) 
Read-Write Register 
\/O Address: 3CFh 
Address Pointer: 00 


[> [os [os Jos Joa [ozo oo 


SET/RESET BIT 0 
SET/RESET BIT 1 
SET/RESET BiT 2 


SET/RESET BIT 3 


NOT USED 


When the Graphics Mode Register selects 
write mode 0, and the Set/Reset mode is en- 
abled through the Enable Set/Reset Register, 
bit O of this register is written to the entire 
addressed byte in display memory plane 0. 
Similarly bits 1, 2 and 3 determine the data to 
be written into display memory planes 1, 2 
and 3 respectively. 
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ENABLE SET/RESET REGISTER (GR1) 
Read-Write Register 

1/O Address: 3CFh 

Address Pointer: 01 


[o7 [os Jos [oe fos Jo2[o1 Joo] 


ENABLE SET/RESET BIT 0 
ENABLE SET/RESET BIT 1 
ENABLE SET/RESET BIT 2 


ENABLE SET/RESET BIT 3 


NOT USED 


The Enable Set/Reset Register works in con- 
junction with the Set/Reset Register. If the 
Graphics Mode Register is programmed to 
write mode 0, and Set/Reset is enabled (=1), 
then the contents of the Set/Reset Register 
determine the data to be written to the respec- 
tive display memory planes. If write mode 0 is 
selected and Set/Reset is not enabled (= 0) 
on a plane, the plane is written with the data 
from the CPU data bus. 


COLOR COMPARE REGISTER (GR2) 
Read-Write Register 

I/O Address: 3CFh 

Address Pointer: 02 


[bz [os [os Jos Jos Joz]o [oo 


COLOR COMPARE (PLANE 0) 
COLOR COMPARE (PLANE 1) 
COLOR COMPARE (PLANE 2) 


COLOR COMPARE (PLANE 3) 


NOT USED 


If the Graphics Mode Register is set to Read 
Mode 1, each bit of data read from the display 
memory planes 0-3 is compared to bits DO 
through D3 programmed in the Color Com- 
pare Register and the Color Don’t Care Regis- 
ter. A match between the memory data and 
the Color Compare Register (for the bits as 
specified in the Color Don’t Care Register) 
results in a logical 1 being output on the 
corresponding data bus bit. Following is an 


example to illustrate the mechanism: 


lf Color Compare Register = 0011, Color Don't 
Care = 1111, and: 


Plane 0 has data = 11111111 
Plane 1 has data = 00000001 
Plane 2 has data = 11111110 
Piane 3 has data = 00000000 


then the data bus D7-D0O will have 00000001, 
indicating that a match occurred on the bit 
DO only. 


DATA ROTATE REGISTER (GR3) 
Read-Write Register 

1/O Address: 3CFh 

Address Pointer: 03 


[o7 [os [os [be Jos Jo2]o1 [oo 


ROTATE COUNT 0. 
ROTATE COUNT + 


ROTATE COUNT 2 


Yrunerion SELECT 


> Yo USED 


The Data Rotate Register is used to perform 
a rotate function on the data written by the 
CPU. If the Graphics Mode Register is pro- 
grammed for write mode 0, then the value in 
the Rotate Count Field represents the number 
of bits the CPU data will be rotated (right) 
during the CPU write cycles. The CPU data 
bits are first rotated and then subject to the 
logical operation as specified in the Function 
Select Field. 


The Function Select bits allow the contents 
of the processor latches to operate logically 
upon the CPU data being written into the 
EGA memory. The bits operate as follows: 


D4 D3 


a 


0 0 No change to the Data 

Logical ‘AND’ between Data 
and latched data. 

1 0 Logical ‘OR’ between Data and 
latched data. 

Logical ‘XOR’ between Data 
and latched data. 


820435 


READ MAP SELECT REGISTER (GR4) 
Read-Write Register 

\/O Address: 3CFh 

Address Pointer: 04 


[o7[oe]os]0* os [o2]oroo] 


MAP SELECT 0 
MAP SELECT 1 


MAP SELECT 2 


NOT USED 


The contents of the Read Map Select Register 
represent the memory plane from which the 
CPU reads the data in read mode 0. This 
register does not effect the read operation 
performed through the Color Compare Regis- 
ter (read mode 1). The four memory maps are 
selected as follows: 


D2 Di pDOoO 

0 0 0 Map 0 
0 0 4 Map 1 
0 1 0 Map 2 
0 1 1 Map 3 


GRAPHICS MODE REGISTER (GR5) 
Read-Write Register 

(/O Address: 3CFh 

Address Pointer: 05 


5 WRITE MOOE 


RESERVED - MUST BE 0 
READ MODE 
ODD/EVEN 


SHIFT REGISTER MODE 


Swor USED 


The function of the bits is as follows: 


Write Mode (D0,D1)—Figure 2 


D1 DO 


0 O Each of the four display memory 
planes is written with the CPU data 
rotated by the number of counts in 
the Rotate Register, except when 
the Set/Reset Register is enabled 
for any of the four planes. When the 
Set/Reset Register is enabled, the 
corresponding plane is written with 
the data stored in the Set/Reset 
Register. 


0 1 Each of the four display memory 
planes is written with the data pre- 
viously loaded in the processor 
latches. These latches are loaded 
during all read operations. 


1 OQ All planes (0-3) in the addressed 
byte are set to the value of data bus 
(DO-D3). The data bits are treated 
as the color value to be written into 
the eight pixels in the addressed 
byte. For example, memory plane 0 
is set to the value of data bit DO, 
memory plane 1 is set to the value 
of data bus bit D1, etc. Individual 
pixels (all planes) in the addressed 
byte can be prevented from being 
updated by appropriately program- 
ming the Bit Mask Register. 


1 1 tllegal 


The operations specified above will also work 
in conjunction with the Function Select op- 
tions available through Data Rotate Register. 


Read Mode (D3)—Figure 3 


D3 


0 When D3 = 0, the CPU reads the 
data from one of the display memo- 
ry planes. The exact plane is se- 
lected through the Read Map Select 
Register. 


1 When D3 = 1, the CPU reads the 
result of the logical comparison 
between the four display memory 
planes data and the contents of the 
Color Compare and Color Don't 
Care Registers. 


82C435 


FROM CPU DATA BUS 
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TO PLANES 0. 1. 2.3 


Odd/Even (D4) 

D4 = 1 will put the Graphics Controller in the 
Odd/Even addressing mode. In this mode, 
even CPU addresses access planes 0 and 2 
while odd CPU addresses access planes 1 
and 3. This option is useful for IBM Color 
Graphics Adapter compatible memory organi- 
zation. The value of this bit should be the 
complement of the value programmed in D2 
of the Sequencer Memory Mode Register. 


Shift Register (D5) 


Fig. 2 


The data bits in the memory planes 0-3 are 
represented as MODO-MOD7, M1DO0-M1D7, 
M2D0-M2D7, and M3D0-M3D7, respectively. 
When D5 = 1, the data in the 4 serial shift 
registers will be formatted as follows: 


MSB LSB = Output to: 


M1D0 M1D2 M1D4 M1D6 MODO MOD2 MOD4 MOD6  Bitd 
M1D1 M1D3 M1D5 M1D7 MOD1 M0D3 M0D5 MOD7 Bit! 
M3D0 M3D2 M3D4 M3D6 M2D0 M2D2 M2D4 M2D6_ Bit2 


M3D1 M3D3 M3D5 M3D7 M2D1 M2D3 M2D5 M2D7_ Bit3 
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FROM PLANES 0. 1. 2.3 


READ MAP 
REGISTER & 
READ MODE 


SE 


TO CPU 


The Least Significant Bit (LSB) is shifted out 
first. The first two registers correspond to the 
Graphics A shift registers, while the following 
two correspond to the Graphics B shift re- 
gisters. This is normally used for CGA com- 
patible 320*200, 4 color graphics mode. 


When D5 = 0, then MOD7-MODO, M1D7-M1D0, 
M2D7-M2D0 and M3D7-M3D0 are shifted out 
with the bit D7 going out first in all cases. 


MSB LSB Output to: 
MODO M101 M102 M103 MOD4 MOD5 MOD6 MOD? Bitd 
M1D0 M101 M1D2 M103 M1D4 M105 M1D6 MtD7 Bit 
M2D0 M2D1 M2D2 M2D3 M2D4 M2D5 M2D6 M2D7 Bit2 
M3D0 M3D1 M3D2 M3D3 M3D4 M305 M3D6 M307 Bit3 
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Fig. 3 


MISCELLANEOUS REGISTER (GR6) 
Read-Write Register 
\/O Address: 3CFh 
Address Pointer: 06 


[pr [os]os[o«[o3Joz[0+ Joo] 


GRAPHICS/TEXT MODE 
CHAIN ODD-EVEN PLANES 
MEMORY MAP 0 


MEMORY MAP 1 


NOT USED 


Graphics/Text Mode 


DO = 1 selects the graphics mode. DO = 0 


selects the text mode. 


Chain Odd-Even Planes 
When D1 5 
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the CPU address bit AO is 
replaced by a higher order address bit. The 


contents of AO determine which memory 
plane is to be selected. A ‘0’ will select planes 
O and 2, and a ‘1’ will select planes 1 and 3. 
This mode can be used to have a 128 k byte 
long display buffer with 2 bits/pixel (mono- 
chrome graphics mode). 


Memory Maps 0 and 1 

These bits control the mapping of the display 
memory buffers into the CPU address space. 
Bits D3 and D2 are output as CDSEL1 and 
CDSELO signals from the 82C435 (flat pack 
only). Normally, CDSELO and CDSEL1 are 
not used externally to the 82C435 (in all 
modes). 


D3 D2 


Q OO Address A0000h-BFFFFh 

0 1 Address AQOGOOh-AFFFFh 

| 0 Address BOOOOh-B7FFFh/BFFFFh- 
used in Hercules emulation 

1 1 Address B8000h-BFFFFh-used in 
CGA emulation 


COLOR DON’T CARE REGISTER (GR7) 
Read-Write Register 

1/O Address: 3CFh 

Address Pointer: 07 


IGNORE COLOR PLANE 0 
IGNORE COLOR PLANE 1 
IGNORE COLOR PLANE 2 


IGNORE COLOR PLANE 3 


NOT USED 


Any bit in the Color Don't Care Register that 
is set to 0 indicates that the corresponding bit 
in the Color Compare Register is a don't care 
in read mode 1. Any bit set to 1 enables the 
corresponding bit in the Color Compare 
Register. 


BIT MASK REGISTER (GR8) 
Read-Write Register 

/O Address: 3CFh 

Address Pointer: 08 


0 IMMUNE TO CHANGE 
1. UNIMPEDED CHANGE 


Any bit programmed to 0 in the Bit Mask 
Register will cause the corresponding bit in 
each of the four memory planes to be immune 
to change. The data written into these 
memory bits is the data stored in the pro- 
cessor latches on the chip. Any bit program- 
med to 1 will allow unrestricted manipulation 
of the corresponding bit in each of the four 
memory planes. The bit mask is applicable to 
any data written by the CPU, including rotate, 
logical functions (AND, OR, XOR), Set/Reset 
and No Change. The data to be preserved 
using the bit mask must be latched by reading 
the addressed byte. In order to execute a 
proper read-modify-write cycle into memory, 
each byte must first be read, the Bit Mask 
Register set and the new data is then written. 
The bit mask applies to all the four planes 
simultaneously. 


PROCESSOR LATCH REGISTERS 
(GRF8-GRFB) 

Read Only Register 

1’O Address: 3CFh 

Address Pointer: F8h-FBh 


CONTENTS OF THE PROCESSOR 
READ LATCHES 
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There are four byte-wide latches inside the 
82C435. These latches are set whenever the 
CPU reads the display memory. The contents 
of these latches are subsequently used for 
the logical operations in the CPU write cycles. 
In order to completely determine the context 
of the 82C435, these latches can be read by 
the CPU as four byte-wide registers in the 
Graphics Controller address space. The regis- 
ters at offset F8h-FBh reflect the contents of 


CRT READ (A) 


CLKIN 
RAS 


mas 
na 


(READ CYCLE) 


SLOUT(CLKIN/2) 


@ NOE, ACTIVE DURING CRT READ CYCLE A ONLY FOR HIGH CRT BANDWIDTH MODE 


{SRO-D1=0) 
%* ONLY FOR CPU-MEMORY RD/WR CYCLES 


CRT READ (B) 


HTH 
eS ae ee 


MEAD YG (2X 3K 4 XK [1X2 ) 


El) ED, GEID ED ED E11, & 


AA, BA BUS 
(WRITE CYCLE) 
SLOUT 


the latches for planes 0-3 respectively. In 
order to restore the processor latches, the 
CPU should first transfer the old contents of 
the processor latches to some address in 
memory and then read the same address. 


SEQUENCER 


The Sequencer generates memory timings 
for the display RAMs and the character clock 


CPU READ/WRITE (C) 


Nit 


C1] X2X3X_ |e XK 


1. RAS ADDRESS 
2. CAS ADDRESS 
3. DATA 0, 2 
4. DATA 1, 3 


Figure 4. Memory Cycle Division for High CPU Bandwidth Mode (SR1-D5=0), 8 Dots/Character 
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CRT READ i“ 
CLKIN | : v4 
RAS vant aan 


OE02 


AA, BA BUS 


qmeancycrey [XR2K3X KK 1X 2X/3X 4 XK 11K 2X 3K KA PK_ 1 | 


AA, BA BUS 
(WRITE CYCLE) 


SLOUT 


SLOUT 
(CLKIN/2) 


CRT READ ae 


ies 
as 


CPU READ/WRITE “ 


_ 


IX2X3X fa XK 


@ NOE, ACTIVE DURING CRT READ CYCLE A ONLY FOR HIGH CRT BANDWIDTH MODE 


(SRO-D1=0) 


x ONLY ACTIVE FOR VALID CPU/MEMORY READ/WRITE CYCLES 


1. RAS ADDRESS 
2. CAS ADDRESS 
3. DATA 0, 2 
4. DATA 1, 3 


Figure 5. Memory Cycle Division for High CPU Bandwidth Mode (SR1-D5=0), 9 Dots/Character 


for controlling the regenerative memory 
fetches. The Sequencer provides control sig- 
nals for other modules in the 82C435. It also 
allows the CPU to access memory during 
active display intervals by inserting dedicated 
CPU memory cycles. Figures 4, 5, 6 and 7 
illustrate various memory cycles for different 
configurations. As shown in the figures, the 
memory cycle selection allows different screen 
resolutions. The Sequencer also protects the 
entire memory from being altered, by selec- 


tively masking out planes through the con- 
figurable Mask Register. Figure 8 shows the 
memory control signals for the four memory 
planes. 


SEQUENCER REGISTERS 

The Sequencer Registers are all located at 
two byte addresses in the CPU !/O space. 
The registers are accessed by first writing a 
pointer to the actual data register into the 
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Sequencer Address Register and then 


: Register 
sing the Sequencer Data Register. The Se- Number 
quencer Address Register is located at I/O 
address 3C4h. The Sequencer Data Registers SRO 
are all located at I/O address 3C5h. The SRI 
following table describes the Sequencer 
Registers: SR2 

SR3 

SR4 
CRT READ (A) CRT READ (B) CPU READ WRITE (C) 
012345 

. MA yo 1 | 

. : 4 ih Mi 

CAS NEL | (| [14 *x 

OES? Ya i i 

@ 
f 
= ba Berger las 
. AEE 4 \ 
E2 ‘ 
WEI f A \ 
E3 

ced RL XXX 2 RAK 2 XL XK 2) 

AA, BA BUS ed 

(abo | OX = XXX 

SLOUT 

| 
SLOUT ‘ 
(CLKIN/2) 


acces- 


Register 
Name 


Address 

Reset 

Sequencer 
Clocking Mode 
Plane Mask (Map 
Mask) 

Character Map 
Select 
Sequencer 
Memory Mode 


CRT READ (D) 


7 


KK 2 X3K0 


@ NOE, ACTIVE DURING CRT READ CYCLE A AND D ONLY FOR HIGH CRT BANDWIDTH 


MODE (SRO-D1- 0) 


® ONLY ACTIVE FOR VALID CPU/MEMORY READ/WRITE CYCLES 


3. DATA 0, 2 
4. DATA 1,3 


1. RAS ADDRESS 
2. CAS ADDRESS 


Address 

Pointer Address 

_ 3C4h 

00 3C5h 

01 3C5h 

02 3C5h 

03 3C5h 

04 3C5h 
CRT READ (E) 


6 7 8 9 10 14 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 


Figure 6. Memory Cycle Division for Low CPU Bandwidth Mode (SR1-D5=0), 8 Dots/Character 
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CRT READ {A) CRT READ (B) CPU READ/WRITE (C) CRT READ (D) CRT READ (E) 
0 234 iy 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 3031 32 33 34 35 


. iui 


WT 
ati 
inn a 


- TD inne 


“4 eee 
he iptinaeh 3 3 ee ae ener 


0 
(eeu 0,0, 07, @), € 
AA, BA BUS 
(CPU Te ipa a 
WRITE) 
SLOUT 


SLOUT 
(CLKIN/2) 


@ NOE, ACTIVE DURING CRT READ CYCLE A AND D ONLY FOR HIGH CRT BANDWIDTH 
MODE (SRO-01=0 
* ONLY ACTIVE FOR VALID CPU/MEMORY READ/WRITE CYCLES 


1. RAS ADDRESS 3. DATA 0. 2 
2. CAS ADORESS 4. DATA 1, 3 


Figure 7. Memory Cycie Division for Low CRT Bandwidth Mode (SR1-D5=0), 9 Dots/Character 
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SEQUENCER 
REGISTER DESCRIPTION 


ADDRESS REGISTER 
Read-Write Register 
1/O Address: 3C4h 


[> [osJos[o«[o3]o2]orJoo] 
SEQUENCER ADDRESS BIT 0 
SEQUENCER ADORESS BIT 1 


SEQUENCER ADDRESS BIT 2 


} NOT USED 


VO ADDRESS SELECT 


HERCULES CONFIGURATION 
REGISTER 


The Address Register is a three bit write-only 
register. When loaded with a binary value 
(pointer), it points to the data register where 
data is to be accessed. 


D5 is a secondary read location for the I/O 
address select bit of the EGA Miscellaneous 
Output Register (1/O address 3C2h). 


D6 and D7 are the read locations for the 
Hercules Configuration Register (bits DO and 
D1 at 1/O address 3BFh). 


RESET REGISTER (SRO) 
Read-Write Register 

/O Address: 3C5h 
Address Pointer: 00 


[o7 [os [os [os Joa Jo2]os]oo] 


ASYNCHRONOUS RESET 


SYNCHAONOUS RESET 


NOT USED 


Asynchronous Reset 

DO=0 causes the Sequencer to clear asyn- 
chronously and halt. It also places all the 
outputs (except R, G, B, RS, GS/I, BS/V) ina 
high impedance state. DO=1 causes the Se- 
quencer to run unless D1=0 (Synchronous 


Reset). Asynchronous Reset can cause data 
loss in the dynamic display RAMs. 


Synchronous Reset 


D1=0 causes the Sequencer to clear synchro- 
nously and halt. D1=1 causes the Sequencer 
to run unless DO (Asynchronous Reset) is 
cleared to zero. 


Before changing the Clocking Mode Register, 
the Sequencer should be reset with this bit. 
This will preserve the memory contents. 


Both the Reset bits must be a logical 1 to 
allow the Sequencer to operate. 


SEQUENCER CLOCKING MODE REGISTER 
(SR1) 

Read-Write Register 

1/O Address: 3C5h 

Address Pointer: 01 


8/9 DOT CLOCKS 
CRT BANOWIDTH 
SHIFT/LOAD 
CLOCK 

CPU BANDWIOTH 


NOT USED 


NOT USED 


NOT USED 


The description for the individual bit fields is 
as follows: 


DO 8/9 Dot Clocks: DO=0 causes the Se- 
quencer to generate character clocks 
which are 9 dots wide. DO=1 causes the 
Sequencer to generate character clocks 
which are 8 dots wide. The only mode 
that uses 9 dots wide character clocks is 
the monochrome text mode. The resolu- 
tion for this mode is 720 x 350. All other 
modes use 8 dots wide character clocks. 


D1 CRT Bandwidth: D1=1 makes CRT 
memory accesses for the low resolution 
modes (horizontal resolution of 320 
pixels). D1=-O must be programmed for 
all higher resolution modes (horizontal 
resolution of 640 or 720 pixels). 


D2 Shift/Load: D2=0 causes the display 
serializers in the Graphics Controller to 
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be reloaded every character clock. D2=1 
causes the display serializers to be re- 
loaded every other character clock. This 
mode is useful when 16 bits are fetched 
every memory cycle and chained toge- 
ther in the shift registers. This bit is only 
set for APA (all-points-addressable) 
graphics modes. 


D3 Dot Clock: D3=0 selects the Sequencer 
master clock input to be output on the 
Dot Clock output pin. D3=1 causes the 
master clock to be divided by 2 to gener- 
ate the dot clock. As the Dot Clock is 
the primary clock used by the 82C435, 
all other timings will be stretched as 
they are derived from the Dot Clock. Dot 
Clock divided by 2 is used for 320 x 200 
modes. 


D4 CPU Bandwidth: D4=0 allows two CPU 
accesses into display memory for every 
four CRTC accesses. This effectively 
doubles the memory bandwidth available 
to the CPU. This high speed mode can 
be used for video clocks up to 20 MHz. 
Therefore at normal EGA operation (16 
MHz video clock), the CPU can update 
the screen at up to twice the normal 
speed. At higher video rates, D4 must be 
set to one, resulting in the normal EGA 
mode of one CPU memory access for 
every four CRTC memory accesses. CPU 
Bandwidth is independent of the CRT 
Bandwidth (bit D1) of this register. 


PLANE MASK REGISTER 
(MAP MASK REGISTER SR2) 
Read-Write Register 

1/O Address: 3C5h 

Address Pointer: 02 


[07 [os]os[o4[os]o2]o:Joo] 


ENABLE MEMORY PLANE 0 
ENABLE MEMORY PLANE 1 
ENABLE MEMORY PLANE 2 


ENABLE MEMORY PLANE 3 


NOT USED 


The Plane Mask Register is also referred to in 


some cases as Map Mask Register. A logical 
1 in any of the bits 0 through 3 enables the 
CPU to write to the corresponding memory 
planes 0 through 3. A logical 0 in any of the 
bits disables the CPU to write to the corres- 
ponding memory planes by suppressing the 
WE signal to that memory plane. When this 
register is loaded with OFH, the CPU can 
perform a 32-bit write operation in one 
memory cycle. This substantially reduces the 
CPU overhead in the CPU in graphics drawing 
and filling operations. 


When odd/even modes are selected (by clear- 
ing bit 2 of the Sequencer Memory Mode 
Register) planes 0, 1 and planes 2, 3 should 
have the same plane mask value. 


In Graphics modes, each pixel consists of 
four bits. Planes 0-3 contain one bit each 
from the four bit pixel information. In the 
Text mode, plane 0 contains the character 
codes, plane 1 contains the corresponding 
attribute byte, plane 2 contains the character 
font (up to four fonts can be stored in plane 2) 
and plane 3 is not used. Figure 8 represents 
the memory organization in the two modes. 


CHARACTER MAP SELECT REGISTER 
(SR3) 

Read-Write Register 

\/O Address: 3C5h 

Address Pointer: 03 


) CHARACTER GENERATOR SELECT 8 


} CHARACTER GENERATOR SELECT A 


NOT USED 


Character Generator Select B 


D1-DO select the character generator used to 
generate alphanumeric characters when attri- 
bute bit 3 is 0 (display memory bit M1D3) 
according to the following table: 
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bute bit 3 is a 1, according to the following 


D1 DO Character Table table: 
Generator Location 
0 0 0 First 8K of Plane 2 
Bank 0 D3 D2 Character Table 
0 4 1 First 8K of Plane 2 Generator Location 
Bank 1 , 
0 0 ie} First 8K of Plane 2 
1 0 2 First 8K of Plane 2 a 
Bank 2 : 
0 1 1 First 8K of Plane 2 
ro 3 First 8K of Plane 2 Baad 
Bank 3 1 0 2 First 8K of Plane 2 
Bank 2 
Character Generator Select A 1 1 3 First 8K of Plane 2 
D3-D2 select the character generator used to Bank 3 
generate alphanumeric characters when attri- 
WEO WE1 WE2 WE3 
RAS RAS RAS RAS 
CAS CAS CAS CAS 
E02 OE13 OE02 7 
COLOR COLOR COLOR COLOR 
PLANE 0 PLANE 1 PLANE 2 PLANE 3 0 
BANK 0 
- 16K 
BANK 1 
-- 32K 
BANK 2 
—-——— 48K 
BANK 3 
64K 


64K-4 | 64K+4 


IN GRAPHICS MODE: PLANES 0-3 CONTAIN 1 BIT EACH OF A 4 BIT PIXEL. A TOTAL OF 64K PIXELS 


64K-4 |! 


64K +4 


64K +4 


64K~4 64K <4 


CAN BE STORED IN MEMORY IN THIS MODE. 


IN THE ALPHANUMERIC MODE: 


PLANE 0 HAS ADDRESS DATA 
PLANE 1 HAS ATTRIBUTE DATA 


64K +4 


PLANE 2 HAS CHARACTER FONT 
PLANE 3 NOT USED 


EACH FONT SUPPORTS 256 CHARACTERS UP TO 32 SCAN LINES HIGH AND REQUIRES 8K BYTES OF MEMORY. THE FONT 
IS RESIDENT IN THE UPPER 8K BYTE POSITION OF EVERY 16K BYTE BLOCK OF PLANE 2. 


Figure 8. Enhanced Graphics Display Memory Organization 


820435 


In text modes, bit 3 of the attribute bit D3 
normally turns the foreground intensity on or 
off. This bit may be redefined to be a switch 
between character sets. This function is en- 
abled when there is a difference in the values 
of Character Map Select A and Character 
Map Select B bits. Whenever the two values 
are the same, the character select function is 
disabled and attribute bit D3 turns the fore- 
ground intensity on or off. 256K bytes of 
memory support 4 character sets. 


Asynchronous Reset (Reset Register bit 0) 
clears the Character Map Select Register to 
0. This should only be done during a system 
reset. 


SEQUENCER MEMORY MODE REGISTER 
(SR4) 

Read-Write Register 

\/O Address: 3C5h 

Address Pointer: 04 


TEXT GRAPHICS (ALPHA; 


EXTENDEO MEMORY 


| 

| |! 

| | i____. 0p EveN 
| 

| 


NOT USED 


Text/Graphics (DO) 


DO=0 indicates that a graphics mode is active. 
This forces the same address on the multi- 
plexed memory address bus AAx and BAx. 
DO=1 indicates that the text mode is active 
and forces the display buffer address on 
memory address bus AAx and the character 
generator address on memory address bus 
BAx. 


Extended Memory (D1) 


In EGA modes this bit must be programmed 
to 1. The 82C435 does not support 16k*4 
DRAMs. Only 64k*4 DRAMs are supported. 
for 256 Kbytes of display memory. In CGA/ 
Hercules modes this bit must be programmed 
to 0. In CGA mode, the memory is restricted 
to 16 Kbytes while in the Monochrome (Her- 
cules) Text mode the memory is restricted to 
4 Kbytes. 


Odd/Even (D2) 


D2 = 0 puts the Sequencer in the Odd/Even 
addressing mode. In this mode, even CPU 
addresses access planes 0 and 2, while odd 
CPU addresses access planes 1 and 3. This 
option is useful for IBM Color Graphics 
Adapter (text and graphics mode) compatible 
memory organization. The value of this bit 
should be the complement of the value pro- 
grammed in D4 of the Graphics Controller 
Mode Register (GR5). 


ATTRIBUTES CONTROLLER 


The Attributes Controller provides a palette of 
16 colors selectable from a possible 64, 
each one of which may be specified sepa- 
rately. Six color outputs, Red (R), Green (G), 
Blue (B), Secondary Red (RS), Secondary 
Green/Intensity (GS/l) and Secondary Blue/ 
Monochrome (BS/V) are available as outputs. 
The Attributes Controller also controls blink- 
ing and underline operations. 


The Attributes Controller formats data from 
the display memory for display on the screen. 
It also provides the horizontal pixel panning 
capability in both text and graphics modes. 


in the text mode, the attribute bits are de- 
coded to select one of the 16 color palette 
registers. The color palette, which consists of 
16 registers, each 6-bit wide, can be loaded 
with any color combination. Thus it is possible 
to display the characters in any one of the 16 
colors out of a possible of 64 (6-bit wide 
registers). 


In the graphics mode, the color information is 
stored in the display memory as 1, 2 or 4 bits 
per pixel. The pixel bit pattern is used to 
select one of the 2, 4 or 16 color registers. 
The six bit contents of the respective color 
register determines the color on the screen 
for each individual pixel. 


ATTRIBUTES CONTROLLER REGISTERS 


The Attributes Controller registers are all 
located at a single byte address in the CPU 
(/O space. The registers are accessed by first 
writing a pointer to the actual data register 
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into the Attributes Address Register and then 
accessing the Attributes Data Register. Both 
the Attributes Address and Data Registers are 
located at |/O address 3COh. Both registers 
can also be accessed at I/O address 3C th. 
An internal flip-flop controls the selection of 
the Attributes Address and Data Registers 
To select the Address Register, an |O Read 
is executed to address 3BAh/3DAnh to clear 
this flip-flop. After the Address Register has 
been loaded by an 1O Write to address 3COh. 
this flip-flop toggles, and the 82C435 is ready 
to have Data Register (pointed to by the 
Address Register) loaded. Every |O Write to 
address 3COh toggles this flip-flop. The 
following table describes the Attributes 
Registers: 


Register Register Address 
Number Name Pointer Address 
= Address Register aa 3C0h 


ARO-ARF Palette Registers 
AR10 Attributes Mode 


00h-OFh 3COh 


Control 10h 3C0h 
AR11 Overscan Color 1th 3C0h 
AR12 Color Plane 

Enable 12h 3C0h 
AR13 Horizontal Pixel 

Panning 13h 3C0h 


ATTRIBUTES ADDRESS REGISTER 
Read-Write Register 
1/O Address: 3C0h 


REGISTER ADDRESS BIT 0 
REGISTER AODRESS BIT 1 
REGISTER ADDRAESS BIT 2 


REGISTER AODRESS BIT 3 


REGISTER ADDRESS BIT 4 


PALETTE LOAD ENABLE 


NOT USED 


ATTRIBUTE FLIP FLOP 


DO-D4 are used to point to the internal data 
registers in the Attributes Controller. 


D5=0 disables the color palette and video to 
allow access to the color registers. D5=1 
enables the video and normal palette function 
of color translation. This bit must be 0 to load 


the palette registers (ARO-ARF). After the 
palette registers have been loaded, this bit 
must be set to 1 to enable the video data. 


D7 indicates the current state of the Attributes 
flip-flop that toggles between the Attributes 
Address and Data Registers. D7 = 0 when the 
Attributes Address Register is read and D7 = 
1 when any of the Attributes Data Registers is 
read. This bit is a read-only bit. To set this bit 
to a desired value, you need to reset the flip- 
flop as described earlier and then it can be 
toggled to the right state. 


PALETTE REGISTERS (ARO-ARF) 
Read-Write Registers 

1/O Address: 3COh 

Address Pointer: 00-OFh 


[pz ]osJos[o«]os]o2}ox]oo 


BLUE VIDEO 

GREEN VIDEO 

RED VIDEO 

SECONDARY BLUE MONO VIDEO 
SECONDARY GREEN‘INTENSITY 
SECONDARY RED 


NOT USEO 


ATTRIBUTE FLIP FLOP 


These six bit registers allow a dynamic map- 
ping between the text attribute or graphic 
color input and the display color on the CRT 
screen. The six bits, DO-D5 are output as 
B,G,R,BS,GS/I, and RS/V respectively. A 
logical 1 in a bit selects the corresponding 
color for that bit while a O de-selects it. The 
maximum number of possible displayable 
colors is 64 for monitors with six color inputs. 
Monitors with three color inputs allow a 
maximum of eight displayable colors, while 
monitors which also have an intensity input 
allow a maximum of sixteen displayable 
colors. 
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ATTRIBUTES MODE CONTROL REGISTER 
(AR10) 

Read-Write Register 

\/O Address: 3COh 

Address Pointer: 10h 


(5 [osJos[os]os]oe]orJoo} 


GRAPHICS. TEXT MODE 


DISPLAY TYPE 


ENABLE LINE GRAPHICS CHARACTER 
COOES 


SELECT BACKGROUND INTENSITY BLINK 


} 


i NOT USED 


ATTRIBUTE FLIP FLOP 


Graphics/Text Mode (D0) 


DO=0 selects text mode. DO=1 selects graphics 
mode. 


Monochrome/Color Display (D1) 


D1=0 selects color display attributes. D1=1 
selects [BM Monochrome display attributes. 


Enable Line Graphics Character Codes (D2) 


D2=0 makes the ninth dot the same as the 
background. This enables compatibility with 
the IBM Monochrome display adapter, which 
uses 9 dots per character. D2=1 enables the 
special line graphics character codes for the 
IBM Monochrome Display Adapter. When this 
bit is set, it forces the ninth dot of a line 
graphics character to be identical to the 
eighth dot of the character. The line graphics 
character codes for the Monochrome Display 
Adapter are COH through DFH. When a Line 
Graphics character is to be displayed, the 
Attributes Controller will force the ninth dot 
bit of a line graphics character to be identical 
to the eighth dot of the character. 


Enable Blink/Select Background Intensity 
(D3) 

D3=0 selects the background intensity for the 
attribute input. This is required for Mono- 
chrome and Color Graphics Adapter compa- 
tibility. D3=1 enables the blink attribute in 
text and graphics modes. The blinking 
counter operates off the Vertical Sync signal. 


It divides the VRTC period by 32. For text and 
graphics modes, the blink is ON for 16 VRTC 
periods and OFF for 16 VRTC periods. In the 
text mode, blink is usually used only in Mono- 
chrome display modes. In this case , the blink 
affect displays the character for 16 frames 
and blanks the screen for 16 frames. In the 
graphics mode, when blink is activated, the 
most significant color bit (bit 3) for each pixel 
is inverted alternately, thus allowing two dif- 
ferent colors to be displayed for 16 CRT 
frames each. When the CURSOR is displayed 
in the text mode, the ‘characters’ are blinked 
at the rate of 16 frames ON and 16 frames 
OFF. The CURSOR, however, is blinked at a 
rate of ON for 8 frames and OFF for 8 frames. 


OVERSCAN COLOR REGISTER (AR11) 
Read-Write Register 

1/C Address: 3COh 

Address Pointer: 11h 


BLUE BORDER 

GREEN BORDER 

RED BORDER 

SECONDARY 8LUE BORDER 
SECONDARY GREEN BORDER 


SECONDARY RED BOROER 


NOT USED 


| —_—__.—____________ ATTRIBUTE FLIP FLOP 


Overscan Color 

This six-bit register defines the overscan or 
border color displayed on the CRT screen. 
For monochrome displays, this register should 
be cleared to logical 0. A logical 1 selects the 
corresponding color. The border color is dis- 
played in the interval after Display Enable 
End and before Biank Start and between 
Blank End and Display Enable Start (the 
beginning). 
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COLOR PLANE ENABLE REGISTER (AR12) 
Read-Write Register 

1/O Address: 3COh 

Address Pointer: 12h 


ENABLE COLOR PLANE 0 
ENABLE COLOR PLANE 1 
ENABLE COLOR PLANE 2 
ENABLE COLOR PLANE 3 
VIDEO STATUS CONTROL 


VIDEO STATUS CONTROL 


NOT USED 


Lo a. aT TRIBUTE FLIP FLOP 


Enable Color Plane (D0-D3): 
A logical 1 in any of the bits DO-D3 enables 
the respective color bits for each pixel. If any 
bit is set to zero, the corresponding bit of the 
pixel data from memory is forced to zero 
before accessing the palette. 


Display Status MUX (D4-D5): 

Bits D4 and D5 select two of the six color 
outputs to the CRT screen, which are 2 out- 
puts of the 4 status bits. The output color 
combinations available on the status bits are 
listed in the following table: 


COLOR PLANE 


ENABLE EGA STATUS 
REGISTER REGISTER | OUTPUTS 
LE eee ee eee eee 
DS D4 BitS Bit4 
0 0 Red Blue 
(6) 1 Secondary Secondary 
Red Green 
1 0 Secondary Green 
Blue 
{ 1 Not Used Not Used 


This capability can be used to run diagnostics 
on the color sub-system card. 


D4 = 1 will also: 

— Tri-state the color monitor outputs, R, G, 
B, RS, GS/I and BS/V and, 

— Clear the cursor blink counter. D4 must 
be cleared to logical 0 for the cursor blink 
counter to function. 


HORIZONTAL PIXEL PANNING REGISTER 
(AR13) 

Read-Write Register 

\/O Address: 3COh 

Address Pointer: 13h 


PIXEL POSITION BIT 0 
PIXEL POSITION BIT 1 


PIXEL POSITION BIT 2 


PIXEL POSITION BIT 3 


NOT USED 


ATTRIBUTE FLIP FLOP 


Horizontal Pixel (Pel) Panning 


Bits DO-D3 select the number of pixels to 
shift the display data horizontally to the left. 
Pixel panning is available in both text and 
graphics modes. In monochrome text mode 
the output can be shifted a maximum of 9 
pixels, whereas in all other modes a maximum 
shift of 8 pixels is possible. The Start Address 
Register specifies the byte of the upper left 
corner of the screen display, and pixel pan- 
ning gives pixel resolution to the left end of 
the display. 
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CRT CONTROLLER 


The CRT Controller provides the synchroni- 
zation signals for the display monitor. The 
CRT Controller contains various CPU acces- 
sible I/O registers, that allow flexible configu- 
ration options. These options include user 
configurable horizontal and vertical timings 
and polarity, cursor type and position, hori- 
zontal scan lines, and several other display 


CRT CONTROLLER REGISTERS 


related characteristics. The CRT Controller 
also provides split screen capability, soft 
scrolling and a light pen interface. 


1/O address bits Al and A2 are ignored 
when the CRTC registers are accessed. The 
CRTC registers can therefore be accessed 
at 1/O addresses 3X0/1h, 3X2/3h, 3X4/5h and 
3X6/7h (X=B in monochrome mode and X=D 
in color mode). 


Register Register Name Address Address 

Number Pointer 

_ Address Register _ 3B4h/3D4h 
CRO Horizontal Total 00 3B5h/3D5h 
CR1 Horizontal Display Enable End 01 3B5h/3D5h 
CR2 Start Horizontal Blanking 02 3B5h/3D5h 
CR3 End Horizontal Blanking 03 3B5h/3D5h 
CR4 Start Horizontal Retrace Pulse 04 3B5h/3D5h 
CRS5 End Horizontal Retrace Pulse 05 3B5h/3D5h 
CR6 Vertical Total 06 3B5h/3D5h 
CR7 CRT Controller Overflow 07 3B5h/3D5h 
CR8 Preset Row Scan 08 3B5h/3D5h 
CR9 Maximum Scan Line og 3B5h/3D5h 
CRA Cursor Start Scan Line OAh 3B5h/3D5h 
CRB Cursor End Scan Line OBh 3B5h/3D5h 
CRC Start Address High OCh 3B5h/3D5h 
CRD Start Address Low ODh 3B5h/3D5h 
CRE Cursor Location High OEh 3B5h/3D5h 
CRF Cursor Location Low OFh 3B5h/3D5h 
CR10 Vertical Retrace Start 10h 3B5h/3D5h 
CR10 Light Pen High 10h 3B5h/3D5h 
CR11 Vertical Retrace End ih 3B5h/3D5h 
CR11 Light Pen Low 1th 3B5h/3D5h 
CR12 Vertical Display Enable End 12h 3B5h/3D5h 
CR13 Offset 13h 3B5h/3D5h 
CR14 Underline Location 14h 3B5h/3D5h 
CR15 Start Vertical Blanking 15h 3B5h/3D5h 
CR16 End Vertical Blanking 16h 3B5h/3D5h 
CR17 CRT Mode Control 17h 3B5h/3D5h 
CR18 Line Compare 18h 3B5h/3D5h 
CRF7 Tag Register 0° F7h 3B5h/3D5h 
CRF8 Tag Register 1° F8h 3B5h/3D5h 
CRF9 400 Line Register? F9h 3B5h/3D5h 
CRFA Temporary Storage 0'? FAh 3B5h/3D5h 
CRFB Temporary Storage 11? FBh 3B5h/3D5h 
CRFC Temporary Storage 2'? FCh 3B5h/3D5h 
CRFD Temporary Storage 31? FDh 3B5h/3D5h 
CRFE Temporary Storage 4"? FEh 3B5h/3D5h 
CRFF Emulation Mode Register? FFh 3B5h/3D5h 

(1—in 82A436, 2—used in CRTC Extended Mode only) 
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CHIP'S 


ADDRESS REGISTER 
Read-Write Register 
1/O Address: 3B4h/3D4h 
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tNDEX TO DATA REGISTER 
(5 OR 8 BITS) 
. 


The CRT Controller Registers are all located 
at two byte addresses in the CPU I/O space. 
The registers are accessed by first writing a 
pointer to the actual data register into the 
CRT Controller Address Register and then 
accessing the CRT Controller Data Register. 
The Address Register is located at I/O address 
3B4h/3D4h. The data registers are all located 
at I/O address 3B5h/3D5h. The exact address 
3Bx/3Dx is selected thorough bit DO of the 
EGA Misc. Output Register. 


The Address Register is normally a 5 bit 
register with the upper 3 bits being ignored. 
When the CRTC Extended Mode Registers 
are enabled through register CR17, all 8 bits 
of the Address Register are used to point to 
the appropriate data register. When this 
register is read, D6 and D7 are always ‘1’. D5 
is ‘1’ if D6 and D7 were written as 1. D5 is ‘0’ if 
D6 or D7 were written as 0. 

HORIZONTAL TOTAL REGISTER (CRO) 
Read-Write Register 

\/O Address: 3B5h/3D5h 

Address Pointer: 00h 
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HORIZONTAL TOTAL COUNT 
(IN CHARACTER CLOCKS) 


The Horizontal Total Register defines the total 


number of characters in a horizontal scan 
line, including the retrace time. This defines 
the horizontal sweep rate. The character clock 
is derived from the dot clock as defined by 
the Sequencer Clocking Mode Register. The 
actual number of character clocks per hori- 
zontal scan is two more than the value pro- 
grammed in this register. 


HORIZONTAL DISPLAY ENABLE 
END REGISTER (CR1) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 01h 
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HORIZONTAL DISPLAY END 
(IN CHARACTER CLOCKS) 


The Horizontal Display Enable End Register 
defines the number of characters to be dis- 
played per horizontal line. The actual charac- 
ters displayed per horizontal line is one more 
than the contents of this register. 


START HORIZONTAL BLANKING 
REGISTER (CR2) 

Read-Write Register 

‘O Address: 3B5h/3D5h 

Address Pointer: 02h 


START HORIZONTAL BLANKING 
(IN CHARACTER CLOCKS) 


The contents of the Start Horizontal Blanking 
Register define the time when the horizontal 
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blanking will start. The register is defined in 
terms of the number of horizontal character 
clocks. The period between horizontal display 
enable end and horizontal blanking start is 
the right side border on the screen. 


END HORIZONTAL BLANKING 
REGISTER (CR3) 
Read-Write Register 


1/O Address: 3B5h/3D5h 
Address Pointer: 03h 
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END HORIZONTAL BLANKING 


} DISPLAY ENABLE SKEW 


NOT USED 


The contents of the End Horizontal Blanking 
Register define the time when the horizontal 
blanking will terminate. The register is defined 
in terms of the number of character clocks. 
DO-D4_ — End Horizontal Blanking: The hori- 
zontal blanking signal width, W, is 
determined as follows: 


Value in Start Blanking Register + 
W = 5-bit value to be programmed 
in End Horizontal Blanking Register. 


The five least significant bits of the horizontal 
character counter are compared with the con- 
tents of this register. When a match occurs, 
the horizontal blanking pulse becomes inac- 
tive. Note that the five bits of this register 
limit the length of the blanking pulse to 31 
character clocks. 

DS5-D6 _—— Display Enable Skew Control: Prior 
to displaying data on the screen, 
the 82C435 has to fetch the charac- 
ter and attribute code, then access 
the character generator font and 
finally read the Pixel Panning Regis- 
ter in the Attributes Controller. Each 
one of these accesses require the 


display enable signal to be skewed 
by one character clock to allow for 
synchronization with the horizontal 
and vertical retrace pulses. The 
display enable skew bits in this 
register allow for this skew. The 
skew can be programmed from 0-3 
character clocks as follows: 


D6 D5 Skew in 
character clocks 

0 0 0 

0 1 1 

1 0 2 

1 1 3 


START HORIZONTAL RETRACE 
PULSE REGISTER (CR4) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 04h 


[o7Jos]os]o«]o3[o2] 0100] 


START HORIZONTAL RETRACE PULSE 
(IN CHARACTER CLOCKS) 


The Start Horizontal Retrace Pulse Register 
defines the character position at which the 
Horizontal Retrace Pulse becomes active. It is 
used to center the monitor screen horizon- 
tally. The value in the register is the character 
count at which the Horizontal Retrace Pulse 
becomes active. 
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END HORIZONTAL RETRACE 
PULSE REGISTER (CR5) 
Read-Write Register 

1/O Address: 3B5h/3D5h 
Address Pointer: 05h 
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END HORIZONTAL RETRACE PULSE 


\ HORIZONTAL RETRACE DELAY 
START ODO MEMORY ADORESS 


The contents of the End Horizontal Retrace 
Register define the character count at which the 
Horizontal Retrace Pulse becomes inactive. 


DO-D4 End Horizontal Retrace: The hori- 
zontal retrace signal becomes inac- 
tive after the character count be- 
comes equal to the count in these 
bits. The width, W, of the retrace 
signal (in character clocks) is deter- 
mined as follows: 


Value in Horizontal Retrace Start 
Register + W = 5-bit result to be 
programmed in End Horizontal Re- 
trace Register. 


The five least significant bits of the horizontal 
character counter are compared to the con- 
tents of this register. When a match occurs, 
the horizontal retrace pulse becomes inactive. 
Note that the 5 bit register limits the length of 
the retrace signal to 31 character clocks 
maximum. 


D5-D6 _— Horizontal Retrace Delay: The skew 
of the horizontal retrace signal is 
controlled by these bits. For some 
monitors, it is necessary to provide 
a horizontal retrace signal that takes 
up the entire blanking period. The 
horizontal retrace signal also trig- 
gers some internal timings on the 
falling edge of the signal. To ensure 


that the signals are latched properly, 
the retrace signal is started before 
the end of the display enable signal. 
It is then skewed several character 
clocks to provide the proper screen 


centering. 
D6 D5 Skew in 
character clocks 

Oo 0 0 

o 41 1 

1 0 2 

1 1 3 

D7 Start Odd/Even Memory Address: 


This bit determines the CRT 
memory address after a horizontal 
retrace. D7 = 0 selects an even ad- 
dress, and D7 = 1 selects an odd 
address. In most cases this bit 
should be set to ‘0’. The bit is useful 
in applications where horizontal 
pixel panning is required. 


VERTICAL TOTAL REGISTER (CR6) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 06h 


VERTICAL TOTAL (SCAN LINES} 
(LOWER 8 BITS) 


The Vertical Total Register contains the 8 
low-order bits of a 9 bit register. The ninth bit 
is located in the CRT Controller Overflow 
Register. The Vertical Total Register defines 
the total number of scan lines (horizontal 
retrace periods) per frame. 
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CRT CONTROLLER OVERFLOW REGISTER 
(CR7) 

Read-Write Register 

I/O Address: 3B5h/3D5h 

Address Pointer: 07h 
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VERTICAL TOTAL BIT 8 

VERTICAL DISPLAY ENABLE END BIT 8 
VERTICAL RETRACE START BIT 8 
START VERTICAL BLANK BIT 8 


LINE COMPARE BIT 8 


Se Enna | NOT USED 


The CRT Controller Overflow Register con- 
tains the ninth bit (D8) of Vertical Total, 
Vertical Retrace Start, Start Vertical Blanking 
and Line Compare Registers. 


PRESET ROW SCAN REGISTER (CR8) 
Read-Write Register 

\/O Address: 3B5h/3D5h 

Address Pointer: 08h 
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STARTING ROW SCAN COUNT 
(AFTER VERTICAL RETRACE) 


ee | NOT USED 


DO-D4 of the Preset Row Scan Register speci- 
fy the starting row scan count after a vertical 
retrace. Each horizontal retrace increments 
the character row scan line counter. The hori- 
zontal row scan counter is cleared at maxi- 
mum row scan count, which is programmed 
through register CR9. This register is used 
for soft scrolling in text modes and in the 
Hercules Graphics or CGA graphics modes. 


MAXIMUM SCAN LINE REGISTER (CR9) 
Read-Write Register 

VO Address: 3B5h/3D5h 

Address Pointer: 09h 
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MAXIMUM SCAN LINE 


| NOT USED 


The contents of the Maximum Scan Line 
Register specifies the number of scan lines 
per character row. This actual number of 
scan lines per row is the contents of this 
register plus one. 


CURSOR START SCAN LINE REGISTER 
(CRA) 

Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: OAh 


(or]os osJoaJoa]oa[or]00] 


CURSOR START SCAN LINE 


SS } NOT USED 


The Cursor Start Register defines the scan 
line within a character row where the cursor 
block is to begin. The first scan line for the 
cursor is the contents of this register. 
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CURSOR END SCAN LINE REGISTER (CRB) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: OBh 


CURSOR END SCAN LINE 


} CURSOR SKEW CONTROL 


——___— NOT USED 


The Cursor End Register defines the scan 
line within a character row where the cursor 
block is to end. !t also controls the cursor 
skew as described below: 


DO-D4 =the last scan line for the block 
cursor is the contents of this field’. 
minus one. 

D5-D6 The cursor skew is controlled by 


these two bits. The bits control the 
skew as follows: 


D6 D5 Skew 
0 0 


One character skew 
1 One character skew 
0 Two character skew 
1 Three character skew 


at © 


START ADDRESS HIGH REGISTER (CRC) 
Read-Write Register 

/O Address: 3B5h/3D5h 

Address Pointer: 0Ch 


[o7]o¢]osJosJoa[o2]01 [00] 


HIGH ORDER START ADDRESS 


cases 


The Start Address is a 16-bit value which 
specifies the first word address in the display 
buffer for the screen refresh process. This 
display buffer address is mapped to the upper 
left corner of the screen. The Start Address 
High Register contains 8 high order bits of 
the address, while the Start Address Low 
Register specifies the other 8 low order bits. 
Byte resolution on this address can be 
achieved through the Extended Mode Register 
(CRF9 - bit D1). 


START ADDRESS LOW REGISTER (CRD) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 0Dh 


LOW ORDER START ADDRESS 


The Start Address Low Register contains the 
8 low order bits of the Start Address (word 
address). 


CURSOR LOCATION HIGH REGISTER 
(CRE) 

Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: OEh 


HIGH ORDER CURSOR LOCATION 


The Cursor Location address is a 16-bit value. 
The 8 high order bits are programmed in the 


Cursor Location High Register. The other 8 
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low order bits are programmed in the Cursor 
Location Low Register. The 16-bit word ad- 
dress defines the memory adddress for the 
character which should have the cursor 
superimposed on it. 


CURSOR LOCATION LOW REGISTER (CRF) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: OFh 


[or Jos[os[o«]os]o2[01]o0] 


LOW ORDER CURSOR LOCATION 


In conjunction with the Cursor Location High 
Register, the Cursor Location Low Register 
defines the low order 8 bits of the cursor 
location. 


VERTICAL RETRACE START REGISTER 
(CR10) 

Read-Write Register 

I/O Address: 3B5h/3D5h 

Address Pointer: 10h 


VRTC PULSE START SCAN LINE 


The Vertical Retrace Start Register is a 9-bit 
address which defines the scan line position 
of the VRTC pulse. The low order 8 bits are 
programmed through this register, while the 
high order ninth bit is programmed through 
the Overflow Register, CR7. 


LIGHT PEN HIGH REGISTER (CR10) 
Read only Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 10h 
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HIGH ORDER MEMORY ADDRESS 


The Light Pen High Register contains the 8 
high order bits of the memory address that 
was displayed when the light pen strobe 
signal was triggered. The low order 8 bits are 
stored in the Light Pen Low Register (CR11). 


Normally all write operations to Data Register 
CR10 access the Vertical Retrace Start Regis- 
ter and read operations access the Light Pen 
High Register. Using the Extended Mode 
Registers of the 82C435, it is also possibie to 
read the Vertical Retrace Start Register. 


VERTICAL RETRACE 
END REGISTER (CR11) 
Read-Write Register 

1/O Address: 3B5h/3D5h 
Address Pointer: 11h 
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VERTICAL RETRACE END 


O CLEAR VERTICAL INTERRUPT 


O ENABLE VERTICAL INTERRUPT 


0 NORMAL.1 TEST 


NOT USED 


The Vertical Retrace End Register performs 
multiple functions, as described below: 


D3-DO _—-Vertical Retrace End: These four bits 
specify the scan line count at which 
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Cries 


the vertical retrace output pulse 
becomes inactive. The four bits are 
compared with the four least signi- 
ficant bits of the scan line counter. 
When the four counter bits are equal 
to the contents in this register, the 
vertical retrace is terminated. The 
maximum retrace pulse width can 
only be 15 scan lines. The width, W, 
of the vertical retrace pulse can be 
determined as follows: 


Value of Start Vertical Retrace 
Register + W = four bit value to be 
programmed into the End Vertical 
Retrace Register. 


D4 Clear Vertical Interrupt: This bit is 
used to clear the vertical interrupt 
generated on the CRTINT output. A 
logical 0 will clear the interrupt. 


D5 Enable Vertical Interrupt: A logical 
0 will enable the vertical interrupt of 
the CRT Controller. 


D6 Test: For normal operation this bit 
must be set to logical 0. 


LIGHT PEN LOW REGISTER (CR11) 
Read only Register 

/O Address: 3B5h/3D5h 

Address Pointer: 011h 


LOW ORDER MEMORY ADDRESS 


The Light Pen Low Register contains the 8 
low order bits of the memory address dis- 
played when the light pen strobe signal was 
triggered. The high order 8 bits are stored in 
the Light Pen High Register (CR10). 


Normally all write operations to Data Register 


CR11 access the Vertical Retrace End Register 
and read operations access the Light Pen 
Low Register. Using the Extended Mode 
Registers of the 82C435, it is also possible to 
read the Vertical Retrace End Register. 


VERTICAL DISPLAY ENABLE 
END REGISTER (CR12) 
Read-Write Register 

\/O Address: 3B5h/3D5h 
Address Pointer: 12h 


VERTICAL DISPLAY ENABLE END 


The Vertical Display Enable End Register de- 
fines 8 bits of the 9-bits address which speci- 
fies the scan line position where the display 
on the screen ends. The ninth bit is located in 
the Overflow Register CR7. 


OFFSET REGISTER (CR13) 
Read-Write Register 

\/O Address: 3B5h/3D5h 
Address Pointer: 13h 


(o7[os [os [os [03 [o2]o1]o0] 


DISPLAY BUFFER WIDTH 


The Offset Register contents define the width 
of the Display Buffer currently used. This 
register is used to compute the memory start- 
ing address for the next display row (or scan 
line in graphics modes). The byte starting 
address of the next display row is computed 
as follows: 
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Byte Start Address for next row = Byte Start 
Address for current row + KxContents of 
Offset Register (where K = 2 in Byte Mode 
and K = 4 in Word Mode). 


The byte or word mode for the memory ad- 
dress counter is selected by the CRT Mode 
Control! Register CR17, bit 6. In the CRTC 
Extended Mode, the 400 Line Register (CRF9) 
bit D2 allows byte/word resolution to the 
Display Buffer Width. 


UNDERLINE LOCATION REGISTER (CR14) 
Read-Write Register 

I/O Address: 3B5h/3D5h 

Address Pointer: 14h 
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UNDERLINE POSITION 


SSS SSS | NOT USEO 


J 


The Underline Location Register specifies the 
scan line within a character row at which the 
underline will appear for underlined charac- 
ters. The value in the register should be one 
less than the desired scan line number. 


START VERTICAL 

BLANKING REGISTER (CR15) 
Read-Write Register 

1/O Address: 3B5h/3D5h 
Address Pointer: 15h 


START VERTICAL BLANKING 


The Start Vertical Blanking Register contains 


the low order 8 bits of the scan line count at 
which vertical blanking becomes effective. 
The ninth bit is located in the Overflow Regis- 
ter CR7. 


END VERTICAL 

BLANKING REGISTER (CR16) 
Read-Write Register 

1/O Address: 3B5h/3D5h 
Address Pointer: 16h 
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END VERTICAL BLANKING 


ed USED 


The End Vertical Blanking Register specifies 
the scan line count at which vertical blanking 
becomes inactive. The vertical blanking width, 
W, is determined as foilows: 


Value of Start Vertical Register + W = 5-bit 
value to be programmed into the End Vertical 
Blanking Register. 


The five least significant bits of the result are 
programmed into this register. When the five 
least significant bits of the horizontal scan 
line counter are equal to the value in this 
register, Vertical Blanking is terminated. Note 
that the maximum width of the vertical blank- 
ing is limited to 31 scan lines. 


CRT MODE CONTROL REGISTER (CR17) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 17h 


COMPATIBILITY MODE SUPPORT 
SELECT ROW SCAN COUNTER 
HORIZONTAL RETRACE SELECT 
COUNT BY TWO 


EXTENDEO REGISTERS ENABLE 


ADDRESS WRAP 


WORD/BYTE MODE 


RESERVED 
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The CRT Mode Control Register is a multi- 
function register, with each bit defining a 
different option. Following is a description of 
these bits: 


DO Compatibility Mode Support: This 
bit allows compatibility with the IBM 
Color Graphics Adapter. When 
DO=0, the character row scan line 
counter bit O is substituted for 
memory address bit 13 during active 
display time. When DO=1, no such 
substitution takes place. 


D1 Select Row Scan Counter: This bit 
allows compatibility with the Hercu- 
les graphics card and with any other 
4-bank graphics system. When 
D1=0, the row scan line counter bit 
1 is substituted for memory address 
bit 14 during active display time. 
When 0D1=1, no such substitution 
takes place. 

D2 Horizontal Retrace Select: This bit 

controls the vertical resolution capa- 

bility of the CRT Controller. The 
vertical counter has a maximum re- 
solution of 512 scan lines as defined 
by the Vertical Total Register. If the 
vertical retrace counter is clocked 
with the horizontal retrace clock 
divided by 2, then the vertical reso- 
lution is doubled to 1024 horizontal 
scan lines. D2=0 selects the horizon- 
tal retrace clock, and D2=1 selects 
the horizontal retrace clock divided 
by 2. 


D3 Count By Two: This bit selects the 
character clock as the clock input or 
character clock divided by 2 as the 
character clock. This bit defines 
whether the contents of the Offset 
Register are a word or a double 
word value. When D3=0, the memory 
address counter is clocked by the 
character clock input. When D3=1, 
the memory address is clocked by 
the character clock input divided by 
2. This bit is also used to create 
either a byte or word refresh address 
for the display memory. 


D4 Extended Register Enable: D4 = Ois 
the defauit on reset. In this case the 
82C435 behaves exactly as an EGA. 
When D4= 1, then all the Extended 
Mode Registers in the 82C435 be- 
come enabled. These registers are 
used for compatibility with CGA/ 
MDA/Hercules graphics card and 
to save/restore the context of the 
82C435. All extended register func- 
tionality is gated with this bit. The 
extended registers can always be 
read or written regardless of this bit. 


Address Wrap: Since the 82C435 
does not support 64 Kbytes of dis- 
play memory (it requires 256 
Kbytes), this bit must always be one 
for all EGA modes. In the CGA 
mode, this bit must be set to 0. 


DS 


D6 Word Mode or Byte Mode: When 
D6=0, Word Mode is selected. This 
mode causes the display memory 
address counter bits to shift down 
one bit, and the most significant bit 
of the counter appears on the least 
significant bit of the memory ad- 
dress output. D6 =1 selects the Byte 
Mode. 


LINE COMPARE REGISTER (CR18) 
Read-Write Register 

1/O Address: 3B5h/3D5h 

Address Pointer: 18h 


LINE COMPARE TARGET 


The Line Compare Register is used to im- 
plement a split screen function. When the 
scan line counter value is equal to the con- 
tents of this register, the memory address 
generator is cleared to 0. The display buffer 
address generator then sequentially addres- 
ses the display buffer starting at address 0. 
Each subsequent row address is generated 
by the addition of Offset Register contents. 
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This feature allows a given area on the screen 
to be immune to scrolling. The scrolling 
operation utilizes the Start Address High and 
Low Registers, and the split screen screen 
capability will allow scrolling through some 
areas of the screen while the remaining screen 
remains immune to it. The CRT Controller 
provides all the timing and control signals for 
the display monitor. Figure 9 shows a graphic 
illustration of how the contents of these 
registers control the display screen. The 
horizontal blanking signal is controlled by the 
contents of CR2 and CR3 registers. Similarly, 
the contents of CR15 and CR16 determine 
the location and length of the vertical blank- 


START LOCATION REGISTERS 
(RC + RD) 


SCREEN 1 


DISPLAY 
(R18) ADDRESS 00 


LINE COMPARE 


FOR SPLIT SCREEN SCREEN 2 


ing signal. The screen blanking signal BLANK 
is a logical ‘OR’ of HBLANK and VBLANK as 
programmed in the respective registers. The 
horizontal retrace start location and width are 
controlled by the contents of the CR4 and CR5 
registers, while the vertical retrace start loca- 
tion and width are controlled by the CR10 
and CR11 registers. CRO controls the total 
number of characters in the horizontal scan 
interval, including the retrace time. The total 
number of scan tines on one raster are deter- 
mined by the vertical total register CR6. CR1 
and CR12 define the effective display area on 
the screen by specifying the horizontal and 
vertical display enable positions, respectively. 


R1 
R2 

Ra 

R5 

R3 

RO 
NVTE-A 
ONAS-A 


«< SWILAVTdSIO __,, 
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D 
= 
ny 


R15 


DE 


RO: HORIZONTAL TOTAL 

R1: HORIZONTAL DISPLAY END 
R2: START HORIZONTAL BLANK 
R3. END HORIZONTAL BLANK 

R4: START HORIZONTAL RETRACE 
R5: END HORIZONTAL RETRACE 
R6: VERTICAL TOTAL 

START ADDRESS HIGH 


Fig. 9 


RD: START ADDRESS LOW 

R10: VERTICAL RETRACE START 
R11: VERTICAL RETRACE END 
R12. VERTICAL DISPLAY END 
R15: START VERTICAL BLANK 
R16: END VERTICAL BLANK 

R18: LINE COMPARE 
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CRTC EXTENDED REGISTERS 


The CRTC Extended Registers are located in 
the CRT Controller address space (Address 
Pointer at 3B4h/3D4h and Data Register at 


3B5h/3D5h). These registers are functional 


only after bit D4 of the CRTC Register is set. 


TAG REGISTER 0 (CRF7) 
Read-Clear Register 

1/O Address: 3B5h/3D5h 
Address Pointer: F7h 


[o7 [06 Jos[oafos}o2]o1]oo] 


CRTC REGISTER 00 


CRTC REGISTER 01 


CRTC REGISTER 02 


CRTC REGISTER 03 


CRTC REGISTER 04 


CRTC REGISTER 0S 


———— CRTC REGISTER 06 


\_.__-~_________--__-._ CRTC REGISTER 07 


TAG REGISTER 1 (CRF8) 
Read-Clear Register 

/O Address: 3B5h/3D5h 
Address Pointer: F8h 


CRTC REGISTER 08 


CRTC REGISTER 09 


CRTC REGISTER 0A 


CRTC REGISTER OB 


MOOE CONTROL REGISTER (388.308) 


HERCULES CONFIG. REGISTER (3BF) 


EGA REGISTERS (3Cx) 


______ ____---_—_ CGA COLOR SELECT REGISTER {309} 


Tag Registers 0 and 1 are located at offset 
OF7h (Tag Register 0) and OF8h (Tag Regis- 
ter 1) in the CRT Controller. They can be 
accessed by first writing OF7h/OF8h in the 
CRTC Address Register (I/O address 3B4h/ 
3D4h) and then accessing the CRTC Data 
Register (I/O address 3B5h/3D5h). 


A bit in these registers is set whenever the 
corresponding register is written into. When 
traps are enabled, then any bit set in the two 
Tag Registers will cause a trap. When emula- 


tion is in progress, then the emulation soft- 
ware can read these registers to determine 
which register access caused the trap result- 
ing in the emulation software being invoked. 
Reading these registers clears the registers, 
serving as a trap acknowledge. 


400 LINE REGISTER (CRF9) 
Read-Write Register 

1/O Address: 3B5h/3D5h 
Address Pointer: F9h 


[7 Jos os [oe [os [o2]ox]o0] 
DIVIDE ROW COUNTER 
DIVIDE VERTICAL COUNTER 
| LSB - DISPLAY BUFFER WIDTH 
ENABLE CGA OVERSCAN 
SELECT OVERSCAN REGISTER 


HORIZONTAL DOUBLE 


DISABLE CGA/MDA BLANKING 


ALTERNATE READ SELECT 


The 400 Line Register is located at offset 
OFSh in the CRT Controller. This register can 
be accessed by first writing OF9h in the CRTC 
Address Register (1/O address 3B4h/3D4h) 
and then accessing the CRTC Data Register 
(1/O address 3B5h/3D5h). 


The description for the individual bit fields is 
as follows: 


Do Divide Row Counter: DO=0 causes 
the scan line (in a row) counter to 
be incremented every scan line. 
DO=1 causes this counter to be 
incremented every two scan lines. 
This bit should be set to 1 when it is 
desired to double each scan line 
(running 200 scan line software on 
a 400 scan line monitor). Power-on 
reset clears this bit. 


D1 Divide Vertical Counter: D1=0 
causes the vertical counters to be 
incremented every scan line. D1=1 
causes the vertical counters to be 
incremented every two scan lines. 
This bit should be set to 1 when it is 
desired to double each scan line 
(running 200 scan line software on 
a 400 scan line monitor). Power-on 
reset clears this bit. 
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D2 


D3 


D4 


D5 


D6 


D7 


LSB - Display Buffer Width: This is 
the complement of the least signifi- 
cant bit for the Display Buffer Width 
(CRTC Offset Register CR13). This 
allows byte resolution on the Dis- 
play Buffer Width. 


Enable CGA Overscan: D3=0 dis- 
ables the CGA overscan (border) 
feature. This is useful when running 
CGA software on a 21.8 KHz moni- 
tor, when it may be desirable to 
disable the borders. D3=1 enables 
this feature. This bit is effective 
only in 80 column text mode. 


Select Overscan Register: D4=0 se- 
lects the CGA Color Select Register 
(hardware palette) as the source for 
the border color. D4=1 selects the 
Attribute Controller Overscan Color 
Register as the source for the border 
color. This bit is ignored in the EGA 
mode. 


Horizontal Double: D5=0 causes the 
CRTC to generate a 640*200 display 
when programmed for a 320*200 
display. D5=0 generates a 320*200 
display. When emulating the 640*200 
CGA mode, it is easiest to algo- 
rithmically translate the 6845 para- 
meters to EGA CRTC parameters 
in the 320*200 mode. Setting this 
bit to O results in a 640*200 display. 
This bit is used only when emulating 
640*200*1 CGA graphics mode. For 
all other modes, this bit must be 
programmed high. 


Disable CGA/MDA Blanking: D6 = 1, 
disables the functionality of the 
Display Blanking feature of the CGA 
and MDA Mode Control Register— 
bit D3 of MDA CRT Control Register 
(I/O address 3B8h) and bit D3 of 
CGA Mode Control Register (I/O 
address 3D8h). D6 = 0 enables this 
functionality. 


Alternate Read Select: D7=0 returns 
the contents of the EGA Miscella- 
neous Output Register, EGA Feature 
Control Register, and Vertical Re- 


trace Start and End Registers when 
reading CRTC Registers CRE, CRF, 
CR10 and CR11 respectively. D7=1 
returns the contents of the Cursor 
Location High and Low Registers, 
and Light Pen High and Low Regis- 
ters when reading CRTC Registers 
CRE, CRF, CR10 and CR11 respec- 
tively. On reset, this bit is set to 1. 


TEMPORARY STORAGE REGISTERS 
There are five byte wide temporary storage 
read-write registers in the 82A436. These 
registers are located at offset OFAh-OFEh in 
the CRT Controller data register space. These 
registers can be accessed by first writing 
OFAh/OFBh/OFCh/OFDh/OFEh in the CRTC 
Address Register (1/O address 3B4h/3D4h) 
and then accessing the CRTC Data Register 
(I/O address 3B5h/3D5h). These registers can 
be used as working registers. 


EMULATION MODE REGISTER (CRFF) 
Read-Write Register 

(/O Address: 3B5h/3D5h 

Address Pointer: FFh 


ENABLE CGA EMULATION * 

ENABLE MONO/HERCULES EMULATION * 
EMULATION IN PROGRESS*® 

ENABLE CGA HAROWARE PALETTE 
EMULATION TYPE DESIREO* 

ENABLE TRAPS 


ENABLE CRTC REGISTER ACCESSES 


ENABLE 6845 REGISTER WRITES 


* (820435 AND 82A436) 


The Emulation Mode Register is located at 
offset OFFh in the CRT Controller. This regis- 
ter can be accessed by first writing OFFh in 
the CRTC Address Register (I/O address 
3B4h/3D4h) and then accessing the CRTC 
Data Register (I/O address 3B5h/3D5h). 


The description for the individual bit fields is 
as follows: 


DO Enable -CGA Emulation: This bit 
determines if CGA Emulation is to 
be enabled (=1) or disabled (=0). 


820435 


D1 


D2 


D3 


D4 


Enable Mono/Hercules Emulation: 
This bit determines if Monochrome/ 
Hercules Emulation is to be enabled 
(=1) or disabled (=0). 


To automatically allow switching 
between EGA, CGA and Hercules 
emulation modes, CRFF bits DO and 
D1 must be set as follows: 


Switching between 


Br Be modes 


0 0 Lock into EGA mode only. 


0 ‘I Allow auto-emulation 
between EGA and CGA 
mode only. 

1 0 Allow auto-emulation 


between EGA and Hercules 
modes only 

Allow auto-emulation 
between EGA, CGA and 
Hercules modes. 


Emulation in Progress: This bit de- 
termines if the 82C435 is currently 
in the CGA or Hercules emulation 
mode (=1) or in the normal EGA 
mode (=0). This bit must be set 
while CGA/MDA/Hercules emula- 
tion is in progress. 


Enable CGA Hardware Palette: A 
one in this bit selects the CGA Color 
Select Register (at I/O address 
3D9h) to generate the colors to be 
displayed. A zero in this bit causes 
colors to be selected from the EGA 
Attribute Controller Palette. When 
this bit is set to 1, then TAG Regis- 
ter 1 bit 7 (CGA Color Select Regis- 
ter is disabled). 


Emulation Type: This is a read only 
bit that indicates what type of emu- 
lation is desired by the application 
software. If CGA emulation is en- 
abled (DO of this register) then any 
access to I/O address 3D8h will 
cause this bit to be set to zero indi- 


D5 


cating that CGA emulation is de- 
sired. If Mono/Hercules emulation 
is enabled (D1 of this register) then 
any access to 1/O address 3B8h 
causes this bit to be set to one 
indicating that Monochrome/ 
Hercules emulation is desired. 


Enable Traps: A one in this bit 
generates a trap indicating proces- 
sor support required for emulation 
whenever emulation is enabled and 
software desires a change in mode. 
A zero in this bit disables the traps. 


A trap is generated under any one 
of the following conditions: 


a) Write to I/O address 3BFh when 
Emulation Mode Register bit D1=1 
(Hercules emulation enabled and 
access to Hercules Configuration 
Register). 


Write to I/O address 3B8h when 
Emulation Mode Register bit 
D1=1 and bit D2= 0 (Currently in 
EGA mode, Hercules emulation 
enabled and access to Hercules 
Mode Control! Register). 


c) Write to I/O address 3B8h when 
Emulation Mode Register bit 
D1=1, bit D2=1 and bit D4=0 
(Currently emulating CGA and 
access to Hercules Mode Con- 
trol Register). 


Write to I/O address 3B8h when 
Emulation Mode Register bit 
D1=1, bit D2=1, bit D4=1, Her- 
cules Mode Control Register bit 
D3=1 and bit Dt toggles (cur- 
rently emulating Hercules, video 
enabled and switch between text 
and graphics modes). 


e) Write to I/O address 3D8h when 
Emulation Mode Register bit 
DO=1 and bit D2= 0 (Currently in 
EGA mode, CGA emulation 
enabled and access to CGA 
Mode Control Register). 


cd 
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f) Write to |/O address 3D8h when 
Emulation Mode Register bit 
DO=1, bit D2=1 and bit D4=1 
(Currently emulating Hercules 
and access to CGA Mode Con- 
trol Register). 


Write to I/O address 3D8h when 
Emulation Mode Register bit 
DO=1, bit D2=1, bit D4=0, CGA 
Mode Control Register bit D3=1 
and any one of bits D0,D1,D2 or 
D4 change state (currently emu- 
lating CGA, video enabled and 
mode switch). 


Write to 1/O address 3D9 when 
Emulation Mode Register bit 
DO=1 and bit D3=0 (CGA emuia- 
tion enabled, CGA hardware 
palette disabled and access to 
CGA Color Select Register). 


i) Write to any one of I/O ad- 
dresses 3COh, 3C2h, 3C4h, 3C5h, 
3CAh, 3CCh, 3CEh or 3CFh 
when Emulation Mode Register 
bit D2=1 (currently emulating 
Hercules or CGA and access to 
any EGA only register). 


j) Write to I/O address 3B5h when 
Emulation Mode Register bit 
D7 = 1, EGA Misc. Output 
Register bit DO = 0 and CRTC 
Address Register = 00 through 
OBh (emulating Hercules/CGA 
and access to the Hercules 6845 
Data Register). 


Write to I/O address 3D5h when 
Emulation Mode Register bit 
D7 = 1, EGA Misc. Output 
Register bit DO = 1 and CRTC 
Address Register = 00 through 
OBh (emulating Hercules/CGA 
and access to the CGA 6845 
Data Register). 


g 


h 


= 
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Enable CRTC Registers: A one in 
this bit causes data writes to I/O 
address 3B5h/3D5h to be directed 
to the CRT Controller Registers. For 
data read operation at I/O address 
3B5h/3D5h, D6=1 reads the CRTC 


registers and D6=0 reads the 6845 
registers. 


D7 Enable 6845 Registers: A one in this 
bit causes data writes to I/O address 
3B5h/3D5h to be directed to the 
6845 registers. Simultaneously set- 
ting D6 and D7=1 causes both the 
CRTC and 6845 registers to be 
written. 


OTHER EGA REGISTERS 


Register Name Address 
EGA Miscellaneous Output 3C2h 
Feature Control Register 3BAh/3DAh 
Input Status Register 0 3C2h 

Input Status Register | 3BAh/3DAh 


EGA MISCELLANEOUS OUTPUT REGISTER 
Read/Write Register 
I/O Address: 3C2h 


1-0 ADDRESS SELECT * 
ENABLE RAM 

CLOCK SELECT o* 
CLOCK SELECT 1* 


DISABLE INTERNAL VIDEO® 


PAGESEL 


—— HRTC POLARITY 


VRTC POLARITY 
* (820435 AND 82436) 


The EGA Miscellaneous Output Register is 
normally a write only register. It can be read 
by setting the alternate read select bit in the 
400 Line Register (CRF9 bit D7 = 0) and then 
reading CRTC Data Register at offset OFh. 
The I/O Address Select bit (DO) can also be 
read at bit DS of the Sequencer Address 
Register (I/O address 3C4h). This register 
performs the following functions: 


DO This bit maps the CRT Controller 
address and data registers into the 
3Bxh/3Dxh address space. This bit 
defaults to 0 on reset and is present 
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D1 


D2-D3 


D4 


D5 


D6 


D7 


in both the 82C435 and 82A436. 
Setting this bit to 0 or 1 maps the 
registers as follows: 


\/O Address 
for 


Register Name DO-0 DO0-1 
Seen eee el 


CRTC Address Register 


(82C435/82A436) 3B4h 3D4h 
CRTC Data Register 

(82C435/82A436) 3B5h 3D5h 
Feature Control Register 
(82C435/82A436) 3BAh 3DAh 
Input Status Register 1 
(82C435/82A436) 3BAh 3DAh 
D1 = 0 prevents the CPU from 


accessing the EGA display memory. 
D1 = 1 allows such accesses. 


D2-D3 bits are output on the 
CLKSELO and CLKSEL1 pins on the 
82A436. Typically these are used to 
externally select the clock source 
for the 82C435. These bits are pres- 
ent in the 820435 so that this register 
can be read correctly. 


Disable Internal Video: This bit is 
used in the 82A436. It is also present 
in the 82C435 so that this register 
can be read correctly. 


Since the 82C435 does not support 
64 Kbytes of display memory (it 
requires 256 Kbytes) this bit must 
always be 1. 


D6 selects the polarity for the Horiz- 
ontal Sync pulse. 

0 Positive horizontal sync pulse 
1 Negative horizontal sync pulse 


D7 selects the polarity for the Verti- 
cal Sync pulse. 

0 Positive vertical sync pulse 

1 Negative vertical sync pulse 


FEATURE CONTROL REGISTER 
Read/Write Register 
\/O Address: 3BAh/3DAh 


FEATURE CONTROL BIT 0* 
FEATURE CONTROL BIT 1* 
RESERVED 0 


RESERVED 0 


NOT USED 


* (82C435 ANO 82A436) 


The Feature Control Register exists in both 
the 82C435 and the 82A436. This is normally 
a write only register in the 82A436. It can be 
read (in the 82C435) by setting the alternate 
read select bit in the 400 Line Register (CRF9 
bit D7= 0) and then reading the CRTC Data 
Register at offset OEh. Feature Control Bits 0 
and 1 from this register are also output on 
82A436 output pins FCOUTO and FCOUT1 
respectively. These pins are typically used to 
drive the EGA Features Connecter. 


INPUT STATUS REGISTER 0 


Read Only Register 
1/O Address: 3C2h 


01)D0 
to NOT USED 

H = 

i SWITCH SENSE (IN 824436) 


FEATURE CODE 0 (IN 82A436) 


FEATURE CODE 1 (IN 82A436) 


CRT INTERRUPT 


Parts of the Input Status Register 0 exist in 
both the 82C435 and the 82A436. The data 
path to the CPU from the 82C435 always 
goes through the 82A436. When the CPU 
reads this register, the 82A436 reformats the 
status data put out by the 82C435 and passes 
the final status to the CPU. 
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Switch Sense (D4 - in 82A436) 

This bit returns the current status of the 
82A436 input pin SWITCH to the CPU. Typi- 
cally, the CPU scans the state of the DIP 
switehes on the EGA board through this bit. 


Feature Code 0 and 1 (D5-D6 - in 82A436) 
These two bits return the current status of the 
82A436 input pins FEATINO and FEATIN1 
respectively. These bits are typically used to 
read the status information from the EGA 
Board Feature Connecter. 


CRT Interrupt (D7) 


D7 is a reflection of the CRTINT output from 
the 82C435. This bit is 1 if the CRTINT pin is 
high. CRTINT is enabled through bit D5 of 
CR11. Once CRTINT goes active, it can only 
be reset through bit D4 of CR11. 


INPUT STATUS REGISTER | 
(CGA/HERCULES STATUS REGISTER) 
Read Only Register 

VO Address: 3BAh/3DAh 


DISPLAY ENABLE/HSYNC OUTPUT ® 
——_ LIGHT PEN STROBE (82A436) 


LIGHT PEN SWITCH (82A436) 


be VERTICAL RETRACE:VIDEO * 
bas tees COLOR PALETTE OUTPUT 0 


COLOR PALETTE OUTPUT 1 


NOT USED 1 


VSYNC OUTPUT (82A436) 


* (820435 and 824436) 


Parts of the Input Status Register | exist in 
both the 82C435 and the 82A436. The data 
path to the CPU from the 82C435 always goes 
through the 82A436. When the CPU reads 
this register, depending on the current emula- 
tion mode, the 82A436 reformats the status 
data output by the 82C435 and passes the 
final status to the CPU. 


Display Enable/HSYNC Output (D0) 

In EGA and CGA modes, DO is an active low 
Display Enable signal generated by the 
82C435. A logical 0 indicates the active dis- 
play interval. This bit is returned high during 


the horizontal and vertical retrace interval. tn 
Hercules emulation mode this bit is driven by 
the 82A436 and it indicates the current level 
of the 820435 Horizontal Sync signal, HIN. 


Light Pen Strobe (D1 - 82A436) 

D1 is driven by the 82A436 and indicates the 
state of the Light Pen Latch. This latch is set 
whenever a valid Light Pen pulse is generated. 


Light Pen Switch (D2 - 82A436) 

D2 is driven by the 82A436 and indicates the 
state of the Light Pen Switch (on the Light 
Pen Connecter.) 


Vertical Retrace/Video (D3) 

In EGA mode, D3 is an active high vertical 
retrace signal, which is functionally the same 
as the active high Vertical Sync output (VIN) 
from the 82C435 (the polarity of this bit is 
always positive). In CGA emulation mode, D3 
is driven by the 82A436 and is same as the 
Vertical Sync output from the 82C435. In 
Hercules emulation mode D3 is driven by the 
82A436 and it indicates the current status of 
the Video (Secondary Blue) signal from the 
82C435. 


Color Palette Output (D4, D5) 

D4 and D5 are two bits of the six bit video 
output from the color palette. Two of these 6 
bits can be selectively read by the CPU 
through bits D4 and D5 of Input Status Regis- 
ter |. The two output signals to be multiplexed 
are determined by the contents of the Attri- 
butes Color Plane Enable Register (AR12). 
These bits are valid only in the EGA mode. In 
the CGA and Hercules modes, the 82A436 
always drives these bits high. 


Vertical Sync Output (D7) 

This bit is valid only in the Hercules emulation 
mode. In this mode, D7 indicates the current 
level of the 82C435 Vertical Sync signal (to 
the monitor). In the EGA and CGA modes, 
this bit is always high. 
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BACKWARD COMPATIBILITY 
REGISTERS 


To complete the register description, there 
are some additional registers in the 82C435/ 
82A436. These registers are: 


I/O Address Register 


3B8h/3D8h Hercules/CGA Mode Control 
Register (in 82C435) 

3D9h CGA Color Select Register 
(in 820435) 

3B9h/3DCh Set Light Pen Latch (in 
82A436) 

3BBh/3DBh Clear Light Pen Latch (in 
82A436) 

3BFh Hercules Configuration 


Register (in 82C435) 


HERCULES/CGA MODE CONTROL REGIS- 
TER 

Read/Write Register 

\/O Address: 3B8h/3D8h 


[ 


CGA 80:40 COLUMN MODE 


HERCULES: CGA GRAPH TEXT MODE 


CGA BLACK & WHITE-COLOR MODE 


HEACULES CGA VIDEO ENABLE 


CGA HIGH RESOLUTION MODE 


HERCULES. CGA TEXT BLINK ENABLE 


NOT USED 


HERCULES PAGE SELECT 


All the bits in the Hercules/CGA Mode Con- 
trol Register are effective only when emula- 
tion is in progress (CRFF bit D2 = 1). When 
CGA emulation is in progress (EGA Misc. 
Output Register bit DO = 1), then this register 
functions as the CGA Mode Register and is 
located at I/O address 3D8h. When Hercules 
emulation is in progress (EGA Misc. Output 
Register bit DO = 0), then this register func- 
tions as the Hercules Mode Register and is 
located at I/O address 3B8h. 


DO 


O01 


D2 


D3 


D4 


DS 


D7 


CGA 80/40 Column Mode: This bit 
is effective only when CGA emula- 
tion is in progress. DO = 0 selects 40 
column CGA text mode. DO = 1 
selects 80 column CGA text mode. 


Hercules/CGA Graphics/Text Mode: 
D1 = 0 selects the text mode and 
D1 = 1 selects the graphics mode. 
This is effective for both CGA and 
Hercules emulation modes. 


CGA Black & White/Color Mode: 
This bit is effective only when CGA 
emulation is in progress. D2 = 1 
selects CGA Black & White mode, 
D2 = 0 selects CGA color mode. 


Hercules/CGA Video Enable: D3 = 
1 enables the video signals. D3 = 0 
blanks the screen. This is effective 
for both CGA and Hercules emula- 
tion modes. 


CGA High Resolution Mode: This 
bit is effective only when CGA emu- 
lation is in progress. D4 = 0 selects 
the 320 * 200 CGA graphics mode, 
D4 = 1 selects 640 * 200 CGA 
graphics mode. 


Hercules/CGA Text Blink Enable: 
D5 = 1 enables the character blink 
attribute. D5 = 0 disables the cha- 
racter blink feature and the blink 
attribute bit is used to control back- 
ground intensity. This is effective 
for both CGA and Hercules emula- 
tion modes. 


Hercules Page Select: This bit is 
effective only when Hercules emula- 
tion is in progress. D7 = 0 selects 
the lower part of memory (address 
Bo0O0Oh onwards) in the Hercules 
Graphics Mode. D7 = 1 selects the 
upper part of the memory (address 
B8000h onwards). 
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CGA COLOR SELECT REGISTER 
Read/Write Register 
1/O Address: 3D9h 


07|D6}05 vas 2/01/00 
i BLUE BORDER’BACKGROUND 
GREEN BORDER’BACKGROUND 


RED BORDER/BACKGROUND 


INTENSIFIED BORDER’BACKGROUND 
1 -————————__ ALTERNATE ‘BACKGROUND 


--———--- SELECT COLOR SET 


NOT USED 


rr ae 


SB Be NOT USED 


This registers serves as the CGA hardware 
palette register. This register is effective only 
when emulation is in progress (CRFF bit D2 = 
1). This register can be disabled through the 
Emulation Mode Register (CRFF bit D3 = 0). 


DO Blue Border/Background: Selects 
blue border in 40«*25 CGA text mode. 
Selects blue background in CGA 
320%200 graphics mode. Selects 
blue foreground in CGA 640«200 
graphics mode. 


D1 Green Border/Background: Selects 
green border in 40*25 CGA text 
mode. Selects green background 
in CGA 320«200 graphics mode. 
Selects green foreground in CGA 
640200 graphics mode. 


D2 Red Border/Background: Selects red 
border in 40*25 CGA text mode. 
Selects red background in CGA 
320*200 graphics mode. Selects red 
foreground in CGA 640*200 graph- 
ics mode. 


D3 Intensified Border/Background: Se- 
lects Intensified border in 40*25 
CGA text mode. Selects intensified 
background in CGA 320200 graph- 
ics mode. Selects Intensified fore- 
ground in CGA 640*200 graphics 
mode. 


D4 Alternate/Background: Selects alter- 
nate intensified colors in CGA 
graphics mode. Selects background 
colors in CGA text modes. 


D5 Select Color Set: Selects colors in 
CGA 320*200 graphics mode. The 
colors are generated as follows: 


Pixel Pixel 
D5 Bit 1 Bit O Color 


0 60 0 Background 
(=DO0-D3) 

0 #0 1 Green 

0 1 6) Red 

0 1 1 Brown 

1 0 0 Background 
(=DO0-D3) 

1 0 1 Cyan 

1 1 0 Magenta 

1 1 1 White 


SET LIGHT PEN LATCH (in 82A436) 
Write Only Register 
1/O Address: 3DCh/3B9h 


The Set Light Pen Register is used to trigger 
the Light Pen from software. In the EGA 
mode, this is done by an I/O Write to address 
3DCh. In CGA mode, the Light Pen is trig- 
gered by an I/O Read or I/O Write to address 
3DCh. In Hercules mode, this is done by an 
1/O Write to address 3B9h. 


CLEAR LIGHT PEN LATCH (in 824436) 
Write Only Register 
/O Address: 3DBh/3BBh 


The Clear Light Pen Register is used to clear 
the Light Pen Latch. In the EGA mode, this is 
done by an I/O Write to address 3DBh. In 
CGA mode, the Light Pen is triggered by an 
1/O Read or I/O Write to address 3DBh. tn 
Hercules mode, this is done by an I/O Write 
to address 3BBh. 
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HERCULES CONFIGURATION REGISTER 
Read/Write Register 
1/O Address: 3BFh 


[st ]oefosfoa]os [02] 9: [o0] 


“—— ENABLE GRAPHICS MODE 


ENABLE MEMORY PAGE 1 


NOT USED 


The Hercules Configuration Register is effec- 
tive only when Hercules emulation is in pro- 
gress (CRFF bit D2 = 1) and EGA Misc Output 
Register bit DO = 0. Bits DO and D1 are read 
at bits D6 and D7 respectively in the Se- 
quencer Address Register (I/O Address 3C4h). 


DO Enable Graphics Mode: DO = 0 locks 
the 82C435 in the Hercules/MDA 
text mode. In this mode, the CPU 
has access to memory only in the 
address range BOOO0Oh-BOFFFh. 


D1 Enable Memory Page 1: DO = 0 pre- 
vents the setting of Page Select bit 
(D7 in Hercules Mode Control 
Register). This also restricts memory 
usage to address BOOOOh-B7FFFh. 
DO = 1 allows setting of the Page 
Select bit and enables the use of 
the upper part of the display 
memory (address B8000h-BFFFFh). 


MEMORY ADDRESS GENERATION 


The 82C435 serves as a DRAM controller for 
the 256 Kbytes. of display memory required 
by the EGA. The 82C435 is responsible for 
DRAM refresh, fetching of display data (text 
and graphics mode) from the display memory, 
and controlling CPU accesses to the display 
memory. All the DRAM control signals are 
generated by the 82C435. The 82C435 inter- 
faces to the DRAMs using a multiplexed row 
address/column address/data bus. When the 
82C435 accesses the display memory to fetch 
data to transfer to the screen, the DRAM 


addresses are generated as required by an 
internal 16-bit memory address counter 
(MAO-MA15). All DRAM refreshes are done 
during the horizontal blanking period. The 
refresh is done by reading the display 
memory. The refresh addresses are generated 
by an internal refresh counter. For CPU ac- 
cesses to display memory, the 82C435 gener- 
ates the DRAM row and column addresses as 
required by the CPU (AO-A16). 


The DRAM row/column addresses are gener- 
ated as follows: 


ROW ADDRESSES FOR CPU ACCESS 


AAT AA6 AAS AA4 AA3 AA2 AA1 AAO 
BA7 BA6 BAS BA4 BA3 BA2 BA1 BAO 


AT A6 AS AS AB A2 Al AO No Chaining 

AT AB AS A4 A3 A2 Al A16 Chained & 
CDSELO,1=00 

A? A6 AS A4 AB A2 Al PAGESEL Chained & 
CDSELO,1=01, 


10,11 
COLUMN ADDRESSES FOR CPU ACCESS 


AAT AAG AAS AA4 AA3 AA2 AA1 AAD 
BA7 BAG BAS BA4 BA3 BA2 BAI BAO 


A1S A& A113 A12 Al1 A10 AQ A114 


ROW ADDRESSES FOR CRT ACCESSES 
(GRAPHICS MODE) 


AA7 AAG AAS AA4 AA3 AA2 AA1 AAO 
BA7 BA6 BAS BA4 BA3 BA2 BA1 BAO 


MA7 MA6 MAS MA4 MA3 MA2 MA1 MAO 


COLUMN ADDRESSES FOR CRT ACCESSES 
{GRAPHICS MODE) 


AAT AAG AAS AAS AAZ AA2 AA1 AAD 
BA7 BAG BAS BA4 BA3 BA2 BA1 BAO 


MA15 MAB MA13 MA12 MA11 MA10 MAQ MA14 


ROW ADDRESSES FOR CRT ACCESSES (TEXT MODE) 
AAT AAB AAS AA4 AAZ3 AA2 AAI AAO 


MAT MA6 MAS MA4 MA3 MA2 MAt MAO 
BA7 BA6 BAS BA4 BA3 BA2 BA1 BAO 


CC2 CC1 CCO RS4 RS3 RS2 RS1 RSO 
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COLUMN ADDRESSES FOR CRT ACCESSES 
(TEXT MODE} 


AAT AAG AAS AA4 AAZ AA2 AA1 AAD 
MA15 MA&8 MA13 MA12 MA11 MA10 MAS: MA14 
BA7 BA6 BAS BA4 BA3 BA2 BA1 BAO 


FS1 CC3 0 cc7 CC6 CC5 CC4 FSO 


AAx—Muitiplexed Memory Address Bus A on 82C435 
BAx—Multiplexed Memory Address Bus B on 82C435 
RSx—Character Row Scan Line Counter Outputs 
FSx—Font Select Codes as programmed in the Sequencer 
MAx—Memory Address/Refresh Counter Outputs 
CCx—Character Code 


DISPLAY MEMORY REFRESH 


The 82C435 automatically generates control 
signals to refresh the display memory. The 
refresh is performed using the horizontal 
blanking period. There is an internal eight bit 
refresh row address counter in the 82C435. 
Every horizontal blankng period, this counter 
is used to generate six read cycles with incre- 
mentng row addresses. The user should al- 
ways program the horizontal parameters in 
the CRT Controller, so that six refresh cycles 
per horizontal blanking period is sufficient to 
meet the refresh specs for the DRAMs being 
used. 


SPLIT SCREEN 


The CRT Controller is capable of displaying 
split screens. Figure 9 shows a split screen 
display. The two screens, Screen 1 and Screen 
2, are created by properly setting the Memory 
Address Registers (CRC and CRD) and the 
Line Compare Register (CR18). The CRC and 
CRD register contents specify the memory 
address for the first pixel to be displayed on 
the active screen. The start address for Screen 
1 in figure 9 is determined by the contents of 
the registers CRC and CRD. Split screens are 
created with the use of Line Compare Register 
CR18. The internal display memory address 
counter is cleared when the absolute scan 
line counter reaches the value equal to the 
contents of CR18. Thus Screen 2 in figure 9 
starts at display memory address 0000H. The 
linear address generator addresses the display 
buffer sequentially starting at OOOOH. Each 
subsequent row address is determined by the 


Offset Register contents as described earlier 
under register description. 


SOFT SCROLL 


The CRT Controller offers soft scrolling capa- 
bility by pre-setting a value in the Preset Scan 
Register, CR8. Figure 10 shows a typical 
example of how this can be achieved. As 
described in the CRT Controller section, the 
Start Address Registers CRC and CRD define 
the address of the'first pixel that is displayed 
on the screen. 


In the text mode, the start address is the 
address of the first character which will be 
displayed in the first row. The Preset Scan 
Row Register defines the top scan line for the 
first character row on the screen. By incre- 
menting CR8, the screen will appear to scroll 
upwards one scan line at a time. When CR8 
becomes equal to CR9 (maximum scan line), 
then CR8 should be reset to 0 and the Start 
Address Registers (CRC and CRD) should be 
updated to start with the next character row. 


The Preset Scan Register should be set to 
zero for graphics modes. In this mode the 
vertical scrolling can be controlled by up- 
dating the Start Address Registers only. 


CURSOR CONTROL 


The height of the CURSOR is programmable 
through registers CRA and CRB. The memory 
address of the CURSOR is programmable 
through registers CRE and CRF. Figure 11 
shows how the CURSOR height is controlled 
by setting the horizontal scan line equal to 
the contents of CRA and CRB registers. 


VERTICAL INTERRUPT 


The 82C435 generates an interrupt at the end 
of a vertical display. Tne Vertical Display End 
Register CR12 controls the time when the 
interrupt becomes active, if the interrupt en- 
able bit was cleared in the Vertical Retrace 
End Register CR11. The interrupt can be used 
by the CPU to update the 82C435 during the 
vertical blanking interval. 
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PHYSICAL SCREEN 


Figure 10. Soft Scrolling With 82C435; Increment CR8 To Move The Screen Up By One Scan Line 


82C435 


START ADDRESS (CRC AND CRD) 


ROW 1: 


} NUMBER OF SCAN LINES = CR8& 


NUMBER OF SCAN LINES = CR9+ 1 - CR8 


ROW 2: NUMBER OF SCAN LINES - CR9 +1 


MAn = MAn-1 + 2 * CR13 


CR8 = PRESET ROW SCAN 


e 
° 
e 
= & ROW n: NUMBER OF SCAN LINES CR9+1 


CR9 = MAXIMUM NUMBER OF SCAN LINES/CHARACTER ROW 


CRC, CRD = DISPLAY BUFFER START ADORESS 
CR13 = DISPLAY BUFFER WIDTH (OFFSET) 


MA, = MEMORY ADDRESS FOR FIRST CHARACTER IN THE nth ROW 


SCAN LINES 
— 0 
1 
2 
_ 3 
CRA > 4 
5 CHARACTER 
— 6 ROW 
7 
aa —— 8 
= 9 
10 
HH 
12 
CRB —» 
CR9 


CURSOR 


CRA: CURSOR START SCAN LINE 
CRB: CURSOR END SCAN LINE 


Figure 11. CRTC Cursor Control 
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CGA/MDA/HERCULES 
COMPATIBILITY 


Compatibility with the CGA, MDA and Her- 
cules display subsystems is required to be 
compatible with older software that does not 
support an EGA. There are two levels of 
compatibility: 


a) Compatibility at memory interface and 
higher level mode selections, 


b) Compatibility at direct register level 


The 82C435/82A436 allow compatibility at 
both levels described above. 


The memory interfaces required are: 


CGA 40 Column Text 16 Kbytes at 


Mode address B8000h 
CGA 80 Column Text 16 Kbytes at 
Mode address B8000h 
CGA 160*100 Graphics 16 Kbytes at 
Mode address B8000h 
CGA 320*200 Graphics 16 Kbytes at 
Mode address B8000h 


2 scan bank format 


CGA 640+200 Graphics 16 Kbytes at 


Mode address B8000h 

2 scan bank format 
MDA/Hercules Text 4 Kbytes at 
Mode address BoOOOh 
Hercules Graphics 32 Kbytes at 
Mode-Half address BooO0Ooh 


4 scan bank format 
64 Kbytes at 
address BOOOOh 

4 scan bank format 


Hercules Graphics 
Mode-Full 


The 82C435 supports text mode memory 
organizations required by the CGA and the 
Monochrome/Hercules boards. 


From a software point of view, the accesses 
that the software makes to the hardware can 
be categorized as follows (in order of fre- 
quency of occurrences): 


a) software access to display memory - this 
is done to update the character codes and 
attributes in the text mode and to set the 
pixel pattern in the graphics modes. 


b) software access to certain hardware regis- 
ters, these inciude the CGA Color Select 
Register (at I/O address 3D9h), the Status 
Register, the 6845 Cursor Position Regis- 
ters (Registers OEh and OFh) and the 6845 
Start Address Registers (Registers OCh 
and ODh). 


Cc) software access to the other hardware 
registers, including the mode registers and 
the video timing (6845 internal) registers. 


The 82C435/82A436 provide a direct hardware 
interface to the software at levels a) and b) 
described above. Software accesses to the 
registers at level c) described above are very 
infrequent. Typically most accesses to these 
registers is done through the BIOS and the 
BIOS on the display board should program 
the EGA registers properly to correspond to 
the CGA/MDA/Hercules display modes. In 
the event of some software that directly ac- 
cesses these registers, the 82C435/82A436 
require some assistance from the CPU. 


Any software that is configured to run with a 
CGA/MDA/Hercules board that programs 
registers on the video boards directly, acces- 
ses the registers at I/O addresses 3B8/3D8h 
Mode Register, 3BFh Hercules Configuration 
Register, 3B4/3D4h - 6845 Index Register and 
3B5/3D5h - 6845 Data Register. 


The 6845 Index Register is present in hard- 
ware on the 82C435. The EGA CRT Controller 
registers are mapped to the same address 
space as the 6845 registers. Of the 18 regis- 
ters in the 6845, 7 have a direct one-to-one 
correspondence with the registers on the EGA 
CRT Controller (Registers OCh-11h). The 
other registers on the 6845 however do not 
have a one to one correspondence with the 
EGA CRT Controller registers. 


The CPU has to in this case transform the 
register contents of the 6845 registers and 
write them into the EGA CRT Controller. To 
assist in the transform process, the 82C435 
has an alternate bank of 11 registers corres- 
ponding to 6845 Data Registers 0-08h, OAh 
and OBh. These registers are called 6845 
Registers. In the emulation mode all CPU 
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accesses to I/O address 3B5h/3D5h (6845/ 
CRTC Data Register) are directed to the CRT 
Controller Register or the 6845 registers (or 
both) depending on the contents of the Emu- 
lation Mode Register in the 82C 435. Whenever 
a 6845 register is written into, a trap to the 
CPU is generated in the form of a Non- 
Maskable Interrupt. The Emulation Mode 
Register also enables or disables such traps. 
On a write to a 6845 register, a bit is also set 
in one of two Tag Register in the 82C435. 
There is one bit in the Tag Registers for each 
of the 6845 registers, Mode Control Registers 
and the unique EGA-only Registers. 
On receipt of an NMI, the CPU should first 
read the TAG Registers which will indicate 
which register access generated the trap and 
requires emulation help. This can also be 
used to automatically switch from one emula- 
tion mode to another emulation mode or to 
the normal EGA mode. If none of the bits in 
the Tag Registers are set, it means that the 
NMI was not generated by the video board 
but by some other source (eg parity error). 
The CPU should then be directed to the old 
NMI handling routine. The emulation software 
when loaded, redirects the PC NMI vector to 
point to the emulation software. The old NMI 
vector can be stored in temporary storage 
registers in the 82A436 allowing for a safe 
way to store the old NMI vector. 


Traps to the CPU can also be selectively 
enabled on accesses to the CGA/MDA/ 
Hercules Mode Registers, the CGA Color 
Palette and the unique EGA-only Registers. 
Thus it is possible to let the board automa- 
tically detect if software wants to use an 
EGA/CGA/MDA/Hercules modes on the 
board. It is also possible to disable all the 
emulation and lock the board in the 100% 
EGA mode. One advantage of using the NMI 
to trap CPU accesses to the 6845 is to allow 
CGA text mode emulation on the enhanced 
350 scan line monitor. In this case although 
the software selects a 200 scan line display, 
the emulation software can still cause higher 
quality character to appear on the screen. 
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6845 REGISTERS 


INDEX 


0 
1 


Ah 
Bh 


REGISTER 
bits 6-0 of Horizontal Total Register 
bits 6-0 of Horizontal Displayed 
Register 

bits 4-0 of Horizontal Sync Position 
Register 

bits 7-0 of Horizontal Sync Width 
Register 

bits 6-0 of Vertical Total Register 
bits 4-0 of Vertical Total Adjust 
Register 

bits 6-0 of Vertical Displayed 
Register 

bits 6-0 of Vertical Sync Position 
Register 

bits 5, 4, 1 and 0 of Interiace 
Mode Register 

bits 6-0 of Cursor Start Register 
bits 4-0 of Cursor End Register 


Absolute Maximum Ratings 


Parameter Symbol Min. Max. Units 
Supply Voltage Vop —_ 70 Vv 
Input Voltage V; -0.5 Vop + 0.5 V 
Output Voltage Vo -0.5 Von +05 V 
Operating Temperature Top -25 85 Cc 
Storage Temperature Tstg -40 125 Cc 


82C435 Operating Conditions 


Parameter Symbol Min. Max. Units 
Supply Voitage Vop 4.75 5.25 Vv 
Ambient Temperature Ta 0) 70 2G 


82C435 DC Characteristics 


Parameter Symbol Min. Max. Units 
Input Low Voltage Viv 0.8 Vv 
Input High Voltage Vin 2.0 Vv 
Output Low Voltage 

loi, = 2mA! Vo. 0.45 V 
loca = 4mA2 

lor3 = 8MAS 

lota = 4mA4 

Output High Voltage loy, = 2mA! Vou 3.5 V 
lone = 4MAZ Ioy3 = BMAS 

Input Leakage Current he -100 +100 UA 
Power Supply Current log 100 mA 
@ 25MHz CLKIN, 0C 

Output High Impedence Leakage loz -100 +100 uA 
0.45 < Vein < Vop 

NOTES: 


1. 2mA source and sink drive on pins ERMEN, CDSELO-1, CCLK, DOTCLK, VALRAD 

2, 4mA source and sink drive on pins SLOUT, WE0-3, OE02, OE13, AAg_;. BAg. 7, R. GB, RS. 
BS/V. GS/I 

3. 8mA source and sink drive on pins CAS. RAS , BLANK, HIN, VIN, CRTINT. TRAP RDY 

4. 4mA sink drive only (open drain) on pins DATA5.; 
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82C435 AC Characteristics 
(Ty = 0°C-70°C, Vpp = 5V 45%) 


CLKIN Timings 


Parameter Symbol Min.(ns) 

CLKIN Period tc 40 

CLKIN High time toh t,/2-5% 

CLKIN Low time io t,/2-5% _ 


Video Timings 


Parameter Symbol Max.(ns) 
VIN, BLANK delay from CLKIN tein 150 

HIN delay from CLKIN thin 100 
VIDEO delay from CLKIN twig 66 


Other Timings 


Parameter Symbol Min.(ns) 
LPENSTB Pulse Width t19 100 
RESET Pulse Width t20 641," 


* In CLKIN/2 mode, t20 must be 128 t, minimum 


1/0 Bus Timings 


Parameter Symbol Min.(ns) Max.(ns) 
MIORD, MIOWR Pulse Width t1 200 

MIORD, MIOWR to RDY Low delay t2 50 
Address setup to MIOWR (1/O Write) 13 80 

Address hold from MIOWR (I/O Write) 14 80 

Address setup to MIORD (I/O Read) t3 20 

Address hold from MIORD (I/O Read) t4 20 

Address setup to MIORD/MIOWR (Memory) t3 20 

Address hold from RDY (Memory Read/Write) t4a 0 

Trap delay from MIOWR tS 150 
MEMIO setup to MIORD/MIOWR t6 20 
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1/0 Bus Timings (Continued) 


Parameter Symbol Min.(ns) Max.(ns) 
MEMIO hold from MIORD/MIOWR t7 5 

1/O Write Data setup to MIOWR i8 45 

\/O Write Data hold from MIOWR t9 60 

\/O Read Data delay from MIORD 10 150 
\/O Write Data hold from MIORD t11 5 90 
RDY high time t12 0.5t, 

Memory Read Data setup to RDY t13 TWSte 

Memory Read Data hold from MIORD t14 20 

Memory Write Data setup to RDY t15 6t, 

Memory Write Data hold from RDY t16 -1.5t, 

VALRAD delay from Address t17 60 
CDSELO,1 delay from MIOWR {18 200 
RDY width t21 6t, 42t, 
DRAM Timings High CPU Bandwidth Mode 

Parameter Symbol Min.(ns) Max.(ns) 
Read/Write Cycle time (read) tre St, 

RAS Pulse Width (read) tras 3t, -8 
Read/Write Cycle time (write) tre 6t, 

RAS Pulse Width (write) tis At, -8 

Column Address Hold from RAS tay 1.5t, +10 

RAS precharge tin 2t, -8 

CAS to RAS precharge torp t, +3 

CAS hold from RAS one 4t, -3 

RAS to CAS delay (oe 0.5t, +4 

RAS hold from CAS enn 2.5t, -28 

CAS Precharge topn 1.5t, +7 

CAS Pulse Width tn8 3.5t, -23 

Row Address Setup to RAS face 0.5t, -5 

Column Address setup to CAS tee 1 

Row Address hold from RAS tae 0.5t, 


Column Address hold from CAS 
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DRAM Timings High CPU Bandwidth Mode (Continued) 


Parameter Symbol Min.(ns) Max.(ns) 


Data Access time from OE tak t, -10 
Data Access time from CAS te 2 2t, -26 
Data Access time from RAS tres 2.5t, -3 
WE Pulse Width tivo t.-7 

Write Data Setup to WE te 0) 

Write Data Hold from WE tan t, -5 

Write Data Hold from RAS tae. 2.5t, -10 

WE hold from CAS tig 2t. -7 

WE hold from RAS te 2.5t, +2 

WE lead to RAS ae to-11 

WE lead to CAS toi t, -6 


DRAM Timings Low CPU Bandwidth Mode 


Parameter Symbol Min.(ns) Max.(ns) 


Read/Write Cycle time (read) 7 6t, 

RAS Pulse Width (read) tas 3.5, -1 
Read/Write Cycle time (write) tre Bt, 

RAS Pulse Width (write) trae 5.5t,-1 
Column Address Hold from RAS ts 2.5t, +8 
RAS precharge tie 2.5t, -2 
CAS to RAS precharge tee to+3 
CAS hold from RAS tgp 5t, -3 
RAS to CAS delay tio 0.5t, +5 
RAS hold from CAS teen 3t, -8 
CAS Precharge toi 1.5t, +6 
CAS Pulse Width tna’ 45t, -13 
Row Address Setup to RAS tasr 0.5t, -5 
Column Address setup to CAS tee 1 

Row Address hold from RAS tran 0.5t. 
Column Address hold from CAS tah 2t, 

Data Access time from OE tees t, -10 
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DRAM Timings Low CPU Bandwidth Mode (Continued) 


Parameter Symbol Min.(ns) Max.(ns) 
Data Access time from CAS ts. 2t, -16 
Data Access time from RAS tae 3.5t, -6 
WE Pulse Width fue 1.5t, -23 

Write Data Setup to WE tie ) 

Write Data Hold from WE tip t. -5 

Write Data Hold from RAS tani 2.5t, -10 

WE hold from CAS twen 3.5t, -14 

WE hold from RAS tee 4t, -4 

WE lead to RAS fa 1.5t, -3 

WE lead to CAS tewi 2.5t, -8 


Compatibility with DRAMs 


Maximum CLKIN frequency for 


RAS access time High Low 
CPU Bandwidth Mode CPU Bandwidth Mode 
150ns 16.5MHz 20MHz 
120ns 20MHz 25MHz 
100ns 20MHz 25MHz 
CLKIN TIMINGS VIDEO TIMINGS 


<< TocH > To 
sll cL CLKIN } \ 


RESET TIMINGS T.29 ———_»> R. G, B. SLOUT 
es GS. BS. RS, 


HIN 


=e TVIN 
VIN, BLANK 


LIGHTPEN 
TIMINGS 
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ADDRESS 


TRAP 


READ 
DATA-I/O 


WRITE 
DATA-1/0 


MEMORY 
READ DATA 


MEMORY 
WRITE DATA 


| ne 
2 ea eee EP 
T3 Taa Ta 
.__ led = J 


V/O CYCLES ONLY 


LLL LLL | REY LLL 


LLLLLELLLL 
i 
tag 


= 
2 Tar >| Tha 
i ~ MEMORY CYCLES ONLY 
14 
T13 
T1535 ————> Ti6 


Tig —] 
CDSELO1 
<— T17 
VALRAD 
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READ CYCLE DRAM TIMINGS 


Tre 


DATA 1,3 ROW ADDRESS 


ADDRESS ADDRESS 
> —t Trac 
j~t-——Tcac 


OEo.2 


OE13 
WRITE CYCLE 


RAS 


CAS 


ADDRESS/DATA ROW ADDRESS 


ROW COLUMN | 
ADDRESS ADDRESS 
genteel, 
Twer4— 


WEO, WE2 
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READ CYCLE DRAM TIMINGS 


RAS 


CAS 


ADDRESS/ 


Dara ROW ADDRCOLUMN ADDRESS ///) 


ROW ADDRESS 


OE0,2 


OE1,3 
WRITE CYCLE 
jg Tre 
—————— Tan ——_—————_> 
~~ Tras Tae ———__—= 
RAS 

\<—___- 
Taco 

CAS 


TRAH om 


7 Tcan ————> 

ASC 

12 AS TouR Tasr 
ADORESS/ 


Dah LK | COLUMN ADDRESS DATA 0,2 DATA 1.3 


ROW ROW 
ADDRESS ADDRESS 
Twcn TRwL-——_ 
‘a Twcr 
Tos Taw, ——————] 
WEO, WE2 


Twe—— 
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82C435—38MHz AC Timing Characteristics 
(Ta = 0°C-70°C, Vpp = 5V +5%) 


CLKIN Timings 

Parameter Symbol Min.(ns) 

CLKIN Period tc 26 

CLKIN High time toh t,/2-5% 

CLKIN Low time tol t,/2-5% 

Video Timings 

Parameter Symbol Min.(ns) Max.(ns) 
VIN, BLANK delay from CLKIN tin 150 

HIN delay from CLKIN thin 150 
R,G,B,RS,GS,BS delay from CLKIN tig 5 30 
SLOUT delay from CLKIN tyid 5 66 

Other Timings 

Parameter Symbol Min.(ns) Max.(ns) 
LPENSTB Pulse Width t19 100 

RESET Pulse Width t20 64t,* 


* In CLKIN/2 mode, t20 must be 128 t, minimum. 


1/0 Bus Timings 

Parameter Symbol Min.(ns) Max.(ns) 
MIORD, MIOWR Pulse Width t1 200 

MIORD, MIOWR to RDY Low delay t2 50 
Address setup to MIOWR (I/O Write) t3 80 

Address hold from MIOWR (I/O Write) t4 80 

Address setup to MIORD (1/0 Read) t3 20 

Address hold from MIORD (I/O Read) t4 20 

Memory Address setup to MIORD, MIOWR t3 20 
MIORD,MIOWR hold from RDY (Memory) t4a 0 

Trap delay from MIORD,MIOWR t5 150 
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1/0 Bus Timings (Continued) 


Parameter = —<“‘ié‘ié‘ ‘(é*‘SSymboo#=O~©«OMin.(ns) Max.(ns) 
MEMIO setup to MIORD,MIOWR t6 20 

MEMIO hold from MIORD,MIOWR t7 5 

I/O Write Data setup to MIOWR t8 45 

I/O Write Data hold from MIOWR t9 60 

I/O Read Data delay from MIORD t10 150 
I/O Write Data hold from MIORD t11 5 100 
RDY high time 112 0.5t, 

Memory Read Data setup to RDY t13 1.5t, 

Memory Read Data hold from RDY t14 20 

Memory Write Data setup to RDY t15 6t, 

Memory Write Data hold from RDY t16 -1.5t, 

VALRAD delay from Address t17 60 
RDY width 121 6t, 42t, 


DRAM Timings High CPU Bandwidth Mode 


Parameter Symbol Min.(ns) Max.(ns) Min.(ns) Max.(ns) 
8 dot mode 9 dot mode 

Read/Write Cycle time (read) tre St, 5t, 

RAS Pulse Width (read) tras 3t, -8 3t, 

Read/Write Cycle time (write) tre 6t, 8t, _ 

RAS Pulse Width (write) tras 4t, -8 4t, 

Column Address Hold from RAS tar 1.5t, +10 1.5t, +10 

RAS precharge te 2t, -2 2t, -2 

CAS to RAS precharge i to +1 to +1 

CAS hold from RAS tesh 4t, -5 4t, -5 

RAS to CAS delay tred 0.5t, +4 0.5t, +4 

RAS hold from CAS tap 2.5t, -28 2.5t, -28 

CAS Precharge tepn 1.5t, +7 1.5t, +7 

CAS Pulse Width tee 3.5t, -23 3.5t, -23 

Row Address Setup to RAS tia 0.5t, -11 0.5t,-11 

Column Address setup to CAS tise 1 1 

Row Address hold from RAS tan 0.5t, 0.5t, 
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DRAM Timings High CPU Bandwidth Mode (Continued) 


Parameter Symbol Min.(ns) Max.(ns) Min.(ns) Max.(ns) 
8 dot mode 9 dot mode 

Column Address hold from CAS toap te tc 

Data Access time from OE toea t, -10 t, -10 

Data Access time from CAS toac 2t, -26 2t, -26 

Data Access time from RAS trac 2.5t, -3 2.5t, -3 

WE Pulse Width i t,-7 to-7 

Write Data Setup to WE tas 0 ) 

Write Data Hold from WE tah t, -5 t. -5 

Write Data Hold from RAS tuhr 2.5t, -10 2.5t, -10 

WE hold from CAS twat 2t, -7 2t, -7 

WE hold from RAS teier 2.5t, +2 2.5t, +2 


DRAM Timings Low CPU Bandwidth Mode 


Parameter Symbol Min.(ns) Max.(ns) Min.(ns) Max.(ns) 
8 dot mode 9 dot mode 

Read/Write Cycle time (read) tre 6t, Tt 

RAS Pulse Width (read) tras 3.5t, -1 4.5t,-1 

Read/Write Cycle time (write) tre 8t, 8t, 

RAS Pulse Width (write) tras 5.5t, -1 5.5t,-1 

Column Address Hold from RAS te. 2.5t, +8 2.5t, +8 

RAS precharge trp 2.5t, -2 2.5t, -2 

CAS to RAS precharge terp te +1 to +1 

CAS hold from RAS tesh 5t, -5 5t, -5 

RAS to CAS delay trod 0.5t, +7 0.5t, +7 

RAS hold from CAS trsh 3t, -8 3t, -8 

CAS Precharge toon 1.5t, +6 1.5t, +6 

CAS Pulse Width teas 4.5t, -13 4.5t,-13 

Row Address Setup to RAS tasr 0.5t, -11 0.5t, -11 

Column Address setup to CAS tase 1 1 

Row Address hold from RAS trah 0.5t, 0.5t, 

Column Address hold from CAS tes 2t, 2t, 

Data Access time from OE toca te -6 t, -6 
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DRAM Timings Low CPU Bandwidth Mode (Continued) 


Parameter Symbol Min.(ns) Max.(ns) Min.(ns) Max.(ns) 
8 dot mode 9 dot mode 

Data Access time from CAS toac 2t, -10 2t, -10 

Data Access time from RAS trac 3.5t, -6 3.5t, 6 

WE Pulse Width twp 1.5t, -15 1.5t,-15 

Write Data Setup to WE tus 0 ) 

Write Data Hold from WE ton t, -2 ty -2 

Write Data Hold from RAS tare 2.5t, +3 2.5t, +3 

WE hold from CAS twoh 3.5t, -14 3.5t, -14 

WE hold from RAS tiger 4t, -4 4t, -4 


Compatibility with DRAMs 


Maximum CLKIN frequency for 


RAS access time High Low 
CPU Bandwidth Mode CPU Bandwidth Mode 
150ns 16.5MHz 20MHz 
120ns 20MHz 27MHz 
100ns 21.5MHz 30MHz 


DRAM Refresh Interval (ms) = 43000/(V,*V,) 
V, = Vertical Refresh Rate 
V, = Total Number of lines/frame (including retrace) 
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ADVANCE INFORMATION 


Vss 

VIN 

Hin 
INTRNL 
DATA7 
DATA6 
DATAS 
DATA4 
Vss 
DATA3 
DATA2 
DATA1 
DATAO 
ADDRS 
ADDR8 
ADDR7 
ADDR6 


Ban ADDRS 
SWITCH atraie 
ipENew ADDR3 
FEATINO Apes 
FEATINA ates 

1OADS avid 
VALRAD Ie 
RESET PrENN 
Vee 82A436 PIN OUT Vec 
ADDR SYSCLK 
ADDR18 1ow 
ADDRI7 ans 
ADDRI6 paeKd 
ADDR15 MEMA 
ADDR14 MEM 
CLKSELO meee 
LPENSTB 


CLKSEL1 


©o©j;owwiwrk ow Sod 

leis 68462685 82iS5 & 
SG 8992" 293 2588 & 
ei2ig@ 0004 48064 6153/8 5 6 


63 82C435 


Cries 


82A436 Pin Description 


Description 


SYSTEM ADDRESS bits 0-9 and 14-19. These bits are 
used for addressing the display memory and 1I/O 
operations. ADDRO-ADDR¢ are I/O and memory ad- 
dresses. ADDR14-ADDR19 are memory addresses 
only. 


SYSTEM DATA BUS bits 0-7. These bits are used to 
transfer data to and from the CPU data bus. 


MEMORY READ. MEMR is an active low input from 
the system bus. It is used by the CPU to read display 
memory and the EGA BIOS ROM in conjunction with 
the 82C435. 


MEMORY WRITE. MEMW is an active low input from 
the system bus. It isused to write into the display 
memory and the EGA BIOS ROM in conjunction with 
the 82C435. 


1/O READ. !OR is an active low signal from the system 
bus. It is used to read the 82C435 and 82A436 
registers. 


1/O WRITE. IOW is an active low signal from the 
system bus. It is used to write to the 82C435 and 
82A436 registers. 


Pin 

Pin No. Type Symbol 
55 | ADDRO 
56 | ADDR1 
57 | ADDR2 
58 { ADDR3 
59 \ ADDR4 
60 l ADDRS5 
61 { ADDR6 
62 | ADDR7 
63 I ADDR8 
64 | ADDR9 
24 | ADDR14 
23 | ADDR15 
22 I ADDR16 
24 | ADDR17 
20 i ADDR18 
19 i ADDR19 
65 1/O DATAO 
66 1/0 DATA1 
67 1/0 DATA2 
68 1/0 DATA3 
2 1/0 DATA4 
3 1/0 DATAS5 
4 1/O DATA6 
5 1/0 DATA7 
47 | MEMR 
46 | MEMW 
54 IOR 

50 \ tOW 

48 | DACKO 


DMA ACKNOWLEDGE. DACKO is an active low input 
from the system bus used to acknowledge DMA re- 
quests. It disables all memory read and memory write 


operations (MEMR and MEMW) to the 82C435 and 
82A436. 


cS 
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82A436 Pin Description (Continued) 


Pin 
Pin No. Type Symbol 


Description 


ADDRESS ENABLE. AEN is an input from the system 
bus used to disable devices from the I/O channel to 
allow DMA transfers to take place. 


7 | RESET 


RESET is an active high input.from the system bus 
used to reset the Miscellaneous Output Register (I/O 
address 3C2h), the Feature Control Register (I/O 
address 3BAh/3DAh) and the Emulation Mode Regis- 
ter (I/O address 3B5h/3D5h). 


51 | SYSCLK 


SYSTEM CLOCK. SYSCLK is the I/O bus clock and is 
used to synchronize lOW. 


53 I LPENIN 


LIGHT PEN INPUT. LPENIN is a negative edge trig- 
gered input which sets bit 1 (LIGHT PEN STROBE) in 
the Input Status Register 1 (1/O address 3BAh/3DAh). 


0 = light pen trigger has not been set 
1 = light pen trigger has been set 


A low level on LPENIN also generates a high level on 
output pin LPENSTB to inform the 82C435 of a valid 
light pen trigger. 


12 LPENSW 


LIGHT PEN SWITCH. LPENSW goes to bit 2 of the 
Input Status Register 1 


Mm 


Q = light pen switch closed 
1 = light pen switch open 


44 oO LPENSTB 


LIGHT PEN STROBE. LPENSTB goes active high on 
the falling edge of LPENIN. It is used by the 820435 
to load the Light Pen High (CR10) and Light Pen Low 
(CR11) registers in the CRT Controller. 


13 | FEATINO 
14 | FEATIN1 


FEATURE CODE 0 and FEATURE CODE 1 are inputs 
from the feature connector (pins 19 and 17, respec- 
tively) and can be read in the EGA mode as bits 5 and 
6 in the Input Status Register 0 (1/O address 3C2h). 


FCOUTO 
FCOUT1 


a 
ine) 
(oxe) 


FEATURE CONTROL 0, FEATURE CONTROL 1. 
FCOUTO and FCOUT1 are bits 0 and 1 of the Feature 
Control Register (1/O address 3BAh/3DAh). FCOUTO 
and FCOUT1 go to pins 20 and 21 of the Feature 
Connector. 
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82A436 Pin Description (Continued) 


Description 


SWITCH is a multiplexed input from a 4-position 
external configuration DIP-switch. In the EGA mode, 
the state of this input can be read as the switch sense 
bit (bit 4 of the Input Status Register 0 - I/O address 
3C2h). CLKSELO and CLKSEL1 pins (bits 2 and 3 of 
the Miscellaneous Output Register - |/O address 3C2h) 
determines which switch is read. 


HORIZONTAL RETRACE INPUT. HIN is a an input 
from the 82C435. This input is used in Hercules mode 
to generate bit 0 of the Hercules Status Register (I/O 
address 3BAh). 


VERTICAL RETRACE INPUT. VIN is an input from 
the 82C435. This input is used in CGA mode to 
generate bit 3 of the CGA Status Register (I/O address 
3DAh). In Hercules mode, this input generates bit 7 of 
the Hercules Status Register (1/O address 3BAh). 


SECONDARY BLUE/MONOCHROME VIDEO. BS/V 
input on the 82A436 is normally the BS/V output from 
the 82C435. This input is used to generate bit 3 of the 
CRT Status Register in Hercules mode (I/O address 
3BAh). 


Local data bus for memory or I/O data between the 
82C435, 82A436 and the BIOS ROM. 


memory writes at address COO00h-C3FFFh. This out- 
put can be used to select the active page in Page 
Select ROMs (27513). 


BIOS ROM OUTPUT ENABLE. ROMOE is active low 
for memory reads at address COOO0Oh-C3FFFh. 


Buffered system address bus bit A16. 


Address Decode. Decoded output for three upper 
system address bus bits to address the display 
memory at locations AXXXX and BXXXxX. This output 
is low when A19-A17 =101. 


Pin 
Pin No. Type Symbol 
W | SWITCH 
7 | HIN 
8 I VIN 
10 | BS/V 
39 1/0 DADDO 
38 1/0 DADD1 
37 1/0 DADD2 
36 ie) DADD3 
34 1/0 DADD4 
33 1/0 DADD5 
32 ie) DADD6 
31 1/0 DADD7 
29 e) ROMWE 
30 fe) ROMOE 
27 Oo MA16 
28 ro) ADDMO 
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82A436 Pin Description (Continued) 


Pin 

Pin No. Type Symboi Description 

40 oO MIORD MEMORY-I/O READ. MIORD is active low for memory 
or (/O read operations. MIORD is active whenever 
MEMR or IOR is active. 

41 O MIOWR MEMORY-I/O WRITE. MIOWR is active low for all 
memory or |/O write operations. MIOWR is active 
whenever MEMW or IOW is active. 

45 O MEMIO MEMORY-I/O. MEMIO is a control signal, low for 
memory (MEMR or MEMW), high for 1/0 (IOR or 
IOW). 

25 oO CLKSELO CLOCK SELECT 0 AND 1. CLKSELO and CLKSEL1 

26 Oo CLKSEL1 are bits 2 and 3 of the Miscellaneous Output Register 
(1/O address 3C2h). These bits are used as select 
inputs into an external multiplexer to select the con- 
figuration switch bits and the clock source. 

15 | IOADS 1/0 ADDRESS. IOADS selects the I/O address to the 
CRT Controller. 0 = 2XXh, 1 = 3XXh. 

16 I VALRAD VALID READ ADDRESS. VALRAD, generated by the 
82C435, allows the 82A436 to drive the system data 
bus during a memory read cycle (MEMR). 

6 fe) INTERNL INTERNAL SELECT. INTERNL is bit 4 of the Miscel- 


laneous Output Register (I/O address 3C2h). It is an 
active low signal which enables the 82C435 outputs 
(R, G, B, RS, GS/I, BS/V, HIN, VIN) through an ex- 
ternal buffer to the monitor. It is also an output to the 
feature connector (pin 27). 
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82A436 Functional Description 

The 82A436 integrates the bus drivers, decode 
logic and other external logic that is required 
to implement a complete EGA/CGA/Hercules 
compatible display subsystem around the 
82C435. 


The functionality of the 82A436 can be classi- 
fied as follows: 


a) Decodes memory addresses and control 
signals. 

b) Serves as a data transceiver between the 
1/O bus and the 82C435, display memory 
and EGA BIOS. 

c) Provides temporary storage locations. 

d) Light Pen logic. 

e) Feature Connector interface logic. 

f) Includes parts of some registers on the 
EGA/CGA/Hercules display subsystems. 


Memory Address and Control Decode 


The 82A436 generates a memory address 
select signal (ADDMO) for the 82C435. This 
signal is active low for all memory accesses 
in the address space AOQOQOOh-BFFFFh. The 
82A436 also generates Output Enable and 
Write Enable signals for the BIOS ROM in the 
address range COO000h-C3FFFh. The ROMOE 
signal is low for all read accesses to this 
address space. The ROMWE signal is low for 
all write accesses to this address space. The 
ROMWE signal allows the use of page select 
ROMs like 27513 on the EGA board. 


The 82C435 uses the same control pins 
(MIORD & MIOWR) for memory and (/O 
accesses. The 82A436 generates MIORD. 
MIOWR and MEMIO signals from the !/O bus 
control signals. 


Data Transceiver Function 


The 82A436 also serves as a bidirectional 
transceiver for data transfer between the CPU 
(I/O bus) and the display memory, BIOS ROM 
and 82C435. When the CPU needs to write to 
the display subsystem, the 82A436 passes the 
data through to the local data bus in the 
display subsystem. When the CPU reads from 
the display subsystem, the 82A436 handles 
the data transfer in two ways: 


ADVANCE INFORMATION 


a) If the data is to come from a register (or 
register bit) that exists in the 82A436, 
the 82A436 drives those specific bits onto 
the I/O bus data bus. 

b) For all other read cycles (memory, other 
register and register bits), the 82A436 
transfers the data from the local data 
bus through to the I/O bus. In this case, 
the local data bus is driven by the BIOS 
ROM or the 82C435. 


Temporary Storage Registers 


There are five byte wide temporary storage 
read-write registers in the 82A436. These 
registers are located at offset OFAh-OFEh in 
the CRT Controller data register space. These 
registers can be accessed by first writing 
OFAh/OFBh/OFCh/OFDh/OFEh in the CRTC 
Address Register (I/O address 3B4h/3D4h) 
and then accessing the CRTC Data Register 
(I/O address 3B5h/3D5h). These registers can 
be used as working registers. 


Light Pen Logic 


The Light Pen logic consists of the Light Pen 
Latch and Light Pen Switch. The Light Pen 
Latch is set by software through an internal 
register or by hardware when there is a valid 
negative pulse on the LPENIN input. The 
atch can only be cleared by software. The 
Light Pen Latch and Switch status can be 
read by software through the Input Status 
Register | at 1/O address 3C2h (described 
ater). 


SET LIGHT PEN LATCH 
Write Only Register 
/O Address: 3DCh/3B9h 


The Set Light Pen Register is used to trigger 
the Light Pen from software. In the EGA 
mode, this is done by an !/O Write to address 
3DCh. In CGA mode, the Light Pen is trig- 
gered by an I/O Read or I/O Write to address 
3DCh. In Hercules mode, this is done by an 
1/O Write to address 3B9h. 


CLEAR LIGHT PEN LATCH 
Write Only Register 
'/O Address: 3DBh/3BBh 
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The Clear Light Pen Register is used to clear 
the Light Pen Latch. !n the EGA mode, this is 
done by an I/O Write to address 3DBh. In 
CGA mode, the Light Pen is triggered by an 
1/O Read or I/O Write to address 3DBh. In 
Hercules mode, this is done by an I/O Write 
to address 3BBh. 


Feature Connector Interface Logic 


The EGA has the facility to interface to an 
external video system. This interface is 
through the Feature Connecior. The external 
video system, can take the Sync signals and 
video data stream from the 82C435. It can 
also accept a composite signal through an 
external port. This external video system, can 
then either drive a composite video signal or 
also drive a standard RGB monitor through 
the EGA. The Feature Connector interface 
logic consists of the Feature Control outputs, 
Feature Code inputs and a control signal to 
select between internal and external video 
source. 


The CPU can pass control and status infor- 
mation to the external video system through 
the Feature Control Register. Feature Control 
Bits 0 and 1 from this register are output on 
82A436 output pins FCOUTO and FCOUT1 
respectively. These pins are usually connected 
to the Feature Connector. 


The Feature Connector can also pass infor- 
mation to the CPU. This is done though two 
pins FEATINO and FEATIN1 on the 82A436. 
The CPU can read the state of these two pins 
through Input Status Register 0 at I/O address 
3C2h. 


Select Video Source 


The Video and Sync outputs to the monitor 
can come from two sources. The 82C435 
could drive the monitor or the Feature 
Connector could drive the monitor. The in- 
ternal video stream or the Feature Connector 
video stream is selected through the Disable 
Internal Video bit in the EGA Miscellaneous 
Register at I/O address 3C2h. This bit controls 
the state of the INTERNL output pin on the 


82A436. The INTERNL output is typically 
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used to enable a tri-state buffer that isolates 
the monitor from the 82C435. If the feature 
connector is to drive the monitor, then the 
Disable Internal Video bit must be program- 
med to 1. 


82A436 Registers 


There are several registers (or parts of regis- 
ters) in the 82A436. These are: 


Register Address 
Bits DO, D1 of EGA Feature 

Control Register 3BAh/3DAh 
Bits DO, D1, D2 of Emulation 

Mode Register 3B5h/3D5h 


(Pointer = FFh) 

Bits DO, D2, D3, D4 of EGA 
Miscellaneous Output Register 
Bits D4, D5, D6 of EGA Input 


3C2h 


Status Register 0 3C2h 
Bits D1, D2 of EGA input 
Status Register |! 3BAh/3DAh 
Bits D1, D2, D3 of CGA 
Status Register 3DAh 
Bits DO, D3, D7 of Hercules 
Status Register 3BAh 
EGA/CGA Set Light Pen 
Register 3DCh 
Hercules Set Light Pen 
Register 3B9h 
EGA/CGA Clear Light Pen 
Register 3DBh 
Hercules Clear Light Pen 
Register 3BBh 
Temporary Storage 
Registers 0-4 3B5h/3D5h 
(Pointer = FAh-FEh) 
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FEATURE CONTROL REGISTER 
Write Only Register 
1/O Address: 3BAh/3DAh 


[07 [os [os [>4Jos o2] 0% [00] 


FEATURE CONTROL BIT 0 
(82C435 AND 82A436) 
FEATURE CONTROL BIT 1 
(820435 AND 824436) 
RESERVED 0 (82435) 


RESERVED 0 (82C435) 


NOT USED 


The Feature Control Register exists in both 
the 82C435 and the 82A436. In the 82A436 
this is a write only register and only bits 0 
and 1 are implemented. These bits are also 
present in the 82C435. When this register is 
read, the 82C435 drives the local data bus 
and the 82A436 transfers the contents of the 
local data bus to the CPU. Feature Control 
Bits 0 and 1 from this register are output on 
output pins FCOUTO and FCOUT1 respec- 
tively. These bits can be used to transfer 
status information to the Feature Connector. 
On reset, bits DO and D1 of this register 
default to 0. 


EMULATION MODE REGISTER (CRFF) 
Write Only Register 

1/O Address: 3B5h/3D5h; 

Address Pointer: FFh 


[o7[os]os[o«Jos]o2] 0 Joo] 

ENABLE CGA EMULATION 

(82C435 AND 82436) 

ENABLE MONO/HERCULES EMULATION 
(82C435 AND 828436) 

EMULATION IN PROGRESS 

(82C435 AND 82A436) 

ENABLE CGA HARDWARE PALETTE 
(82C435) 

EMULATION TYPE DESIRED 
{82C435 AND 82A436) 


ENABLE TRAPS (82C435) 


ENABLE CRTC REGISTER ACCESSES 
(82C435) 

ENABLE 6845 REGISTER WRITES 
(820435) 


The Emulation Mode Register exists in both 
the 82C435 and the 82A436. This register is 
located at offset OFFh in the CRT Controller 
register space. In the 82A436 this is a write 
only register and only bits 0, 1 and 2 are 
implemented. These bits are also present in 
the 82C435. When this register is read, the 
82C435 drives the local data bus and the 
82A436 transfers the contents of the local 
data bus to the CPU. 


DO Enable CGA Emulation: This bit 
determines if CGA Emulation is to 
be enabled (=1) or disabled (=0). 
On reset, this bit defaults to 0. 


D1 Enable Mono/Hercules Emulation: 
This bit determines if Monochrome/ 
Hercules Emulation is to be enabled 
(=1) or disabled (=0). On reset, this 
bit defaults to 0. 


D2 Emulation in Progress: This bit 
determines if the 82C435/82A436 is 
currently in the CGA or Hercules 
emulation mode (=1) or in the 
normal EGA mode (=0). This bit 
must be set while CGA/MDA/ 
Hercules emulation is in progress. 
On reset, this bit defauits to 0. 


D4 Emulation Type: This bit is set when 
software desires an automatic emu- 
lation mode switch. D4 = 0 and CGA 
emulation enabled means that the 
software desires CGA emulation. D4 
= 1 and Hercules emulation enabled 
means that the software desires 
Hercules emulation. On reset, this 
bit is undefined. 


The 82A436 determines the address for the 
Light Pen Set and Clear registers depending 
on the contents of these bits. The format for 
the Input Status Register 1 (CGA/Hercules 
Status Register) is also determined according 
to these bits. 
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EGA 

MISCELLANEOUS OUTPUT REGISTER 
Write Only Register 

1/O Address: 3C2h 


[o7 [o6 Jos [04 [os Jo2]o: [oo] 


VO ADDRESS SELECT 
(82C435 AND 82A436) 


ENABLE RAM (82C435) 
CLOCK SELECT 0 (82C435 AND 82A436) 


CLOCK SELECT 1 (820435 AND 82A436) 


DISABLE INTERNAL VIDEO 
(82C435 AND 82A436) 


RESERVED 1 (820435) 


HRTC POLARITY (82C435) 


VRTC POLARITY (82C435) 


The EGA Miscellaneous Register exists in 
both the 82C435 and the 82A436. This register 
is located at I/O address 3C2h. In the 82A436, 
this is a write only register and only bits 0, 2, 
3, and 4 are implemented. These bits are also 
present in the 82C435. When this register is 
read, the 82C435 drives the local data bus 
and the 82A436 transfers the contents of the 
local data bus to the CPU. 


DO 1/O Address Select. This bit maps 
the CRT Controller address and data 
registers into the 3Bxh/3Dxh ad- 
dress space. This bit defaults to 0 
on reset and is present in both the 
82C435 and 82A436. Setting this bit 
to 0 or 1 maps the registers as 
follows: 


V/O Address for 


Register Name DO=0 DO=1 
CRTC Address 

Register 3B4h = 3D4h 
CRTC Data 

Register 3B5h 3D5h 
Feature Control 

Register 3BAh 3DAh 
Input Status 

Register | 3BAh 3DAh 


D2-D3  0D2-D3 bits are output on the 
CLKSELO and CLKSEL1 pins on the 
82A436. Typically these are used to 
externally select the clock source 
for the 82C435. On reset, these bits 
default to 0. 


D4 Disable Internal Video. This bit is 
output on the INTERNL pin on the 
82A436. The INTERNL output is 
used to select the 82C435 video data 
stream or an external video data 
stream to the monitor. On reset, 


this bit defaults to 0. 
INPUT STATUS REGISTER 0 
Read Only Register 
1/O Address: 3C2h 


[or]o6]os[o«[o3]o2]o Joo] 


NOT USED 


SWITCH SENSE 


FEATURE CODE 0 


FEATURE CODE 1 


CRT INTERRUPT (IN 820435) 


The EGA Input Status Register 0 exists in 
both the 820435 and the 82A436. This register 
is located at I/O address 3C2h. In the 82A436, 
this is a read-only register and only bits 4, 5, 
and 7 are implemented. When this register is 
read in the EGA mode, the 82C435 drives the 
local data bus bit 7 and the 82A436 drives the 
other bits. In the CGA and Hercules modes, 
this register returns undefined values when 
read. 


Switch Sense (D4) 

This bit returns the current status of the 
82A436 input pin ‘SWITCH’ to the CPU. The 
CPU scans the state of the DIP switches on 
the EGA board through this bit. 
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Feature Code 0 and 1 (D5-D6) 


These two bits return the current status of the 
82A436 input pins FEATINO and FEATIN1 
respectively. These bits are used to read the 
status information from the EGA Board Fea- 
ture Connector. 


INPUT STATUS REGISTER | 
(CGA/HERCULES STATUS REGISTER) 
Read Only Register 

1/O Address: 3BAh/3DAh 


[o7[o¢]os[04Jo3[o2]o:]oo] 


DISPLAY ENABLE/HSYNC OUTPUT 
LIGHT PEN STROBE 

LIGHT PEN SWITCH 

VERTICAL RETRACE/VIDEO 

COLOR PALETTE OUTPUT 0 (620435) 
COLOR PALETTE OUTPUT + (82C435) 


NOT USED 1 (82C435) 


VSYNC OUTPUT 


The Input Status Register | exists in both the 
82C435 and the 82A436. This register changes 
address and format in the EGA, CGA and 
Hercules modes. In EGA mode this register is 
located at I/O address 3BAh/3DAh. In CGA 
mode this register is located at I/O address 
3DAh. In Hercules mode this register is lo- 
cated at I/O address 3BAh. When this register 
is read, the 82C435 and 82A436 drive different 
bits in the three modes as follows: 


EGA mode  82C435 drives bits 0, 3, 4, 5 
82A436 drives bits 1 and 2 
bits 6 and 7 are high 

CGA mode 82C435 drives bit 0 
82A436 drives bits 1, 2 and 3 
bits 4, 5, 6 and 7 are high 

Hercules 82A436 drives bits 0, 3 and 7 

mode bits 1, 2, 4, 5 and 6 are high 


Display Enable/HSYNC Output (D0) 

In EGA and CGA modes, DO is an active low 
Display Enable signal generated by the 
82C435. A logical 0 indicates the active dis- 
play interval. This bit is returned high during 
the horizontal and vertical retrace interval. In 
Hercules emulation mode this bit is driven by 
the 82A436 and it indicates the current level 
of the 82A436 HIN input. 


Light Pen Strobe (D1) 

D1 is driven by the 82A436 and indicates the 
state of the Light Pen Latch. This latch is set 
whenever a valid Light Pen pulse is generated. 


Light Pen Switch (D2) 

D2 is driven by the 82A436 and indicates the 
state of the Light Pen Switch (on the Light 
Pen Connector). 


Vertical Retrace/Video (D3) 


In EGA mode, D3 is an active high vertical 
retrace signal, which is functionally the same 
as the active high Vertical Syne output from 
the 82C435 (the polarity of this bit is always 
positive). In CGA emulation mode, D3 is 
driven by the 82A436 and is the complement 
of the VIN input on the 82A436. In Hercules 
emulation mode D3 is driven by the 82A436 
and it indicates the current state of the BS/V 
input on the 82A436. 


Vertical Sync Output (D7) 
D7 is high during the Vertical Sync interval. 
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82A436 Absolute Maximum Ratings 


Parameter Symbol Min. Max. Units 
Supply Voltage Vpp _— 70 Vv 
Input Voltage Vv -0.5 5.5 Vv 
Output Voltage Vo -0.5 5.5 Vv 
Operating Temperature Top -25 85 Cc 
Storage Temperature Tst¢ -40 125 Cc 


82A436 Operating Conditions 


Parameter Symbol Min. Max. Units 
Supply Voltage Voc 4.75 5.25 Vv 
Ambient Temperature Ta 0 70 °C 


82A436 DC Characteristics 


Parameter Symbol Min. Max. Units 
Input Low Voltage Vit 0.8 V 
Input High Voltage Vin 2.0 Vv 
Output Low Voltage 

lot, = 10mA1 VoL 0.5 Vv 
loca = 24mA2 

Output High Voltage 

lon = 3.8MA Vou 2.4 Vv 
Input Leakage Current be -200 +200 uA 
Power Supply Current lec 250 mA 
Output High Impedence Leakage loz -300 +120 HA 
NOTES: 


1. lo, = 10mA on all pins except DATAAO0-7 
2. lop = 24mA on DATAO-7 
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82A436 AC Characteristics 
(Ty = 0° C-70°C, Veco = 5V +5%) 


Timings 

Parameter Symbol Min.(ns) Max.(ns) 
System Clock Period To 80 

IOR Pulse Width T, To 

Address Setup (82A436 Register Access) To 20 

Address Hold (82A436 Register Access) Ts 0 

Control Active Delay Ty 25 
Control Inactive Delay Ts 23 
I/O Read Data Detay (82A436 Register) Ts 45 
1/O Read Data Hold (82A436 Register) T; 10 30 
Propagation Delay (DATA-DADD, DADD-DATA) Ts 25 
JOW Setup to System Clock Tg" 10 

JOW Pulse Width (Short Write) Ti9 are 
lOWPulse Width (Long Write) Tio aT. 

MIOWR Active Delay (1/O Write) 14" 31 
MIOWR Inactive Delay (Short I/O Write) Tio 28 
MIOWR Inactive Delay (Long I/O Write) Tio" 34 
\1/O Write Data Setup (82A436 Register) 743 10 

I/O Write Data Hold (82A436 Register) T44 20 

LPENSTB Delay (Software Strobe) T45 45 
Register Output Delay (Long Write) T46 45 
Register Output Delay (Short Write) Ti 40 
VALRAD Setup (Display Memory Access) T29 5 

Address Setup (ROM Access) To 20 

VALRAD Hold (Display Memory Access) Toy 0 

Address Hold (ROM Access) Toy 0) 

Control Active Delay (Memory Access) To 26 
Control tnactive Delay (Memory Access) T3 20 
ADDMO Delay To 26 
MA16 Delay T24 20 
LPENSTB Delay (Hardware Strobe) Tos 40 
NOTE: 


* Tg, T,1 and T,2 (long write) are specified on both rising and falling edges of SYSCLK. MIOWR 
stays active for a maximum of 1% SYSCLKs starting at any of the edges of SYSCLK. 
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CPU—IO WRITE ACCESS (LONG WRITE) 


SYSCLK 
iow 
MEMIO 


CPU ADDR 
(WRITE 82A436) 


MItOWR 


DATA 
(WRITE 82A436) 


DADD 
(WRITE 82C435) 


To 


Ta 


T2 


To 


T3 


Tis —>| 
LPENSTB 
| Te 
FCO, FC1, CLKSELO 
CLKSEL1, INTERNE 
82C435 76 


CPU—MEMORY ACCESS 
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CHIPS 


Load Circuit Measurement Conditions 


Parameter Output Type Symbol C,(pF) R, (*) R,. (3) SW, SW. 
Propagation Totem pole t 
= PLH 
Delay Spslale tony 50 a 10KL OFF ON 
Time Bidirectional 
Propagation Open drain or tery a 
Delay Time Open Collector teHL oe Dinh ON OPE 
3-state teLz ON 
Disable Time Brdicecuenal toes 5 0.5K 1.0K OFF ON 
3-state tear ON ON 
Eeble Kime Bidirectional tozH oy pet vO OFF ON 


INPUT 


OUTPUT 
(DELAY) 


OUTPUT 
(ENABLE/DISABLE) 


Vin = 3 VV = OV, t= 10ns.t Ss Sans 
Vcc 


swt 


CL 


| SW2 


Figure 10. Load Circuit and AC Characteristics Measurement Waveform 
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68-PIN PLASTIC LEADED CHIP CARRIER 


985(25.01) 
"995(25.27) 


950(24.13) 
, 356(24.28) 


950(24.13) 


< 


985(25.01) 
995(25.27) 


1) .025(0.55) TYP * 


84-PIN PLASTIC LEADED CHIP CARRIER 


0, 0,0,0,0,0,0,0,0,0,0,0,0,0,8 
29.2 = 0.2 


30.23 = 0.2 


CHIPS 


Ordering Information 


Order Number Package Type 
P82C435 PLCC-84 pins 
P82A436 PLCC-68 pins 
Note: 


1. PLCC = Plastic Leaded Chip Carrier 
PFP = Plastic Flat Pack 
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Chips and Technologies, Incorporated 
3050 Zanker Road, San Jose, CA 95134 408-434-0600 Telex 272929 CHIP UR 


IBM, AT, XT, PS/2, Micro Channel, Personal System/2, Enhanced Graphics Adapter, Color 
Graphics Adapter, Monochrome Adapter, IBM Color Display, IBM Monochrome Display are 
trademarks of International Business Machines. 


Intel, iAPX 386 are trademarks of Intel Corporation. 
MOTOROLA is a trademark of Motorola. 
Hercules Graphics is a trademark of Hercules Computer Technology. 


Lotus is a trademark of Lotus Corporation. 
Microsoft is a trademark of Microsoft. 


CHIPSet, CHIPSpak, CHIPSport, SharpScan EGA, ChipsLink, MicroCHIPS are trademarks of 
Chips and Technologies, Inc. 


Copyright® 1985, 1986, 1987 Chips and Technologies, Inc: 


Chips and Technologies, Inc. makes no warranty for the use of its products and bears no 
responsibility for any errors which may appear in this document. 


Chips and Techonologies, Inc. retains the right to make changes to these specifications at any 
time without notice. 
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